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Preface

This book deals with bacterial and mycotic infections considering the particular aspects 
involved in the immunocompromised host. It is addressed to all people (microbiologists or 
pathologists) who for their activity have to face every day the clinical and microbiological 
features of these diseases.

The immunocompromised hosts are a real problem for the peculiar characteristics that 
these subjects show and for the problems arisen in their treatment.  We tried to examine 
most of infectious diseases such as the gynecological infections, the sexually transmitted 
diseases, the sepsis, the Coagulase Negative Staphylococcus infections and so on, stressing 
the diagnosis, the management and the prevention of the diseases and considering the 
newest aspects i.e. the formation of the bacterial biofi lm in the devices or prostheses and 
the consequent resistance to antimicrobial agents.

 

Thank you,

Maria Teresa Mascellino
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laboratory methods (PCR), Helicobacter pylori: virulence determinants and pathology, Can-
didemiae: incidence and drugs susceptibility, Intracardiac devices infections, Sonication 
technique for bacterial biofi lm, Klebsiella pneumoniae MDR in nosocomial infections and 
synergistic activity of double carbapenem.
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Forewords

“With “Bacterial and Mycotic Infections in Immunocompromised Hosts: Clinical and Mi-
crobiological Aspects”, Dr. Maria Teresa Mascellino has developed an excellent reference 
work for a very important fi eld within medical microbiology. The expertly conceived and ed-
ited book advances understanding of the risks posed bacterial and fungal infectious agents 
to immunocompromised patients. 

 Dr. Mascellino is a leading international expert on global diseases and medical microbi-
ology. Dr. Mascellino has contributed to over one hundred research papers. This includes 
important insights into Helicobacter pylori infection as well as some insightful studies into 
epidemiology in Italy. She is highly regarded as one of Europe’s the foremost medical micro-
biologists, and is currently based at the University of Rome (La Sapienza)”. 

Tim Sande

Dr. Maria Teresa Mascellino presents a collaborative review of infectious conditions in 
immunocompromised patients. Dr. Mascellino has over 100 publications in recognized jour-
nals and textbooks, providing us with valuable information in several areas of infectious 
diseases, including Helicobacter pylori, MRSA, cardiac-device infections and HIV. It has 
been a privilege to contribute chapters in her recent eBook “Bacterial and Mycotic Infections 
in Immunocompromised Hosts: Clinical and Microbiological Aspects.” As many authors who 
contribute to scholarly work seek to provide valuable information, the potpourri of funda-
mental clinical data in Maria Mascellino’s eBook have achieved just that. 

Ramzy Rimawi MD

I would like to thank the editor Dr. Maria Teresa Mascellino of the eBook “Bacterial and 
Mycotic Infections in Immunocompromised Hosts: Clinical and Microbiological Aspects,” for 
giving an opportunity to contribute the book chapter “Yeasts: Candida and Cryptococcusis”.  
She constantly supported and gave valuable scientifi c input while writing and also reviewing 
the book chapter. The eBook has come out very well as it covered various aspects of med-
ically important microbes in immunocompromised human hosts. I am sure the scientifi c 
content covered in this book is very useful for the students and scientifi c community who 
are working in this area.   

Thanks again for giving the opportunity to contribute book chapter in the book. I hope a 
long lasting scientifi c relationship with you.
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This book concerns the immunocompromised host with his particular characteristics, 
features and problems. These patients, both for immunodefi ciency or for other underlying 
diseases, are a real drawback for their treatment. In fact they require a particular attention 
for the management of the diseases due to the fact that their pathologies and infections 
show particular and different aspects. In this book we have examined some of the principal 
bacterial and mycotic illness regarding such subjects.

The term “immunocompromised host” describes a patient who is at increased risk for 
life-threatening infection as a consequence of a congenital or acquired abnormality of the 
immune system. During the past few decades, the population of immunocompromised 
hosts has expanded enormously. In addition, Acquired Immunodefi ciency Syndrome (AIDS) 
has resulted in the existence of many immunocompromised patients. Acquired conditions 
may also interfere directly with the immune system or may disrupt barrier function. These 
include HIV (Human Immunodefi ciency Virus) infection, solid organ and bone marrow 
transplant, diabetes, cancer, alcoholism and cirrhosis, autoimmune diseases (treated with 
steroids), hemodialysis, spleenectomy and hypospleenism, immunosuppressive (chemo-
therapy) therapy, malnutrition, severe trauma and burns, surgeries, indwelling vascular 
devices and advancing age. Infections in immunocompromised host pose a diagnostic chal-
lenge for few reasons: 1) the existing etiologies of infections are different; 2) the infl am-
matory responses are impaired by immunosuppressive therapy that results in diminished 
clinical fi ndings making an early diagnosis much more diffi cult; 3) drug interaction and 
drug toxicity are common.

Opportunistic infection is an unusual infection caused by normally non-pathogenic or-
ganisms in a host whose resistance has been decreased by disorders such as diabetes 
mellitus, HIV infection, cancer etc., creating opportunity for microorganisms which are not 
usually pathogenic to become pathogens.

The risk of infection in an immunocompromised host is determined by the interaction 
of two factors: the potential pathogens to which the individual is exposed (epidemiologic 
exposures) and a measure of the individual’s susceptibility to infection, termed as the “net 
state of immunocompromised.” Epidemiologic exposures in the immunocompromised hosts 
can be divided into two general categories: those occurring within the community and those 
occurring within the hospital. Exposures within the community vary based on such factors 
as geography and socio-economic status. Within the hospital if the air, food, equipment or 
potable water supply is contaminated with pathogens, clustering of infection cases may occur.

In this book we examined the principal bacterial and mycotic infections in immuno-
compromised hosts trying to deeply analyze the particular characteristics of these patients 
towards the pathogen and opportunistic bacteria. The microorganisms more commonly in-
volved are the following: Staphylococcus aureus, Staphylococcus epidermidis, Sreptococcus 
pyogenes and pneumoniae, Gram-negative aerobic organisms e.g. Escherichia coli, Pseudo-
monas aeruginosa and klebsiella that arise from endogenous gastrointestinal, mucosal or 
cutaneous fl ora , Burkolderia cepacia, Mycobacterium tuberculosis and Non-Tuberculosis 
Mycobacteria (i.e. Mycobacterium avium-complex), Rhodococcus, Haemophylus infl uenzae, 
Listeria, Vancomycin Resistant Enterococcus (VRE). Among other microrganisms (mycetes 
and parasites) we found Candida, Aspergillus, Cryptococcus, Cryptosporidium, Toxoplasma, 
Pneumocystis, Scedosporium etc.

Introduction
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Bacterial and Mycotic Infections in Immunocompromised Hosts: Clinical and Microbiological Aspects
Edited by: Maria Teresa Mascellino

Introduction to Terminology
The term “immunocompromised host” describes a patient who is at increased risk for 

Life-threatening infection as a consequence of a congenital or acquired abnormality of the 
immune system. During the past few decades, the population of immunocompromised hosts 
has expanded enormously, attributed to the increased use of immunosuppressive agents for 
the treatment of tumors and collagen vascular disease and for the prevention of rejection 
in organ transplant recipients. In addition, Acquired Immunodefi ciency Syndrome (AIDS) 
has resulted in the existence of many immunocompromised patients [1]. The congenital 
causes of immunocompromised include a number of defects in B cells, T cells, combined 
B and T cell function defects, macrophage and cytokine defects, phagocyte defi ciency and 
complement defi ciencies. Acquired conditions may also interfere directly with the immune 
system or may disrupt barrier function. These include HIV (Human Immunodefi ciency 
Virus) infection, solid organ and bone marrow transplant, diabetes, cancer, alcoholism and 
cirrhosis, autoimmune diseases (treated with steroids), hemodialysis, spleenectomy and 
hypospleenism, immunosuppressive (chemotherapy) therapy, malnutrition, severe trauma 
and burns, surgeries, in dwelling vascular devices and advancing age [2]. 

Infections in immunocompromised hosts pose a diagnostic challenge for few reasons; 
fi rstly the existing etiologies of infections are diverse and the scenario is further complicated 
by the explosion of newer pathogens with newer manifestations, secondly the infl ammatory 
responses are impaired by immunosuppressive therapy which results in diminished clinical 
and radiological fi ndings. This makes an early diagnosis much more diffi cult, warranting 
invasive diagnostic procedures. Thirdly, also because drug interactions and drug toxicities 
are common. The initiation or cessation of antimicrobial therapies may alter the levels of 
calcineurin inhibitors, antifungal agents and other drugs. Lastly graft rejection and graft-
versus-host disease may be confused with infections [3].

Opportunistic infection is an unusual infection caused by normally nonpathogenic 
organisms in a host whose resistance has been decreased by disorders such as diabetes 
mellitus, HIV infection, cancer, a surgical procedure such as a cerebrospinal fl uid shunt, 
a cardiac or urinary tract catheterization or by immunosuppressive drugs. Long-term use 
of antibiotics or other drugs may also affect the immune system, creating opportunity for 
microorganisms which are not usually pathogenic to become pathogens. 

Dr. Shagufta Tahir Mufti*
Associate Professor, King Abdulaziz University, KSA

*Corresponding author: Dr Shagufta Tahir Mufti MBBS, MD, MIAP, Associate Professor, 
Department of Anatomic Pathology, Faculty of Medicine, King Abdulaziz University, P O Box: 
80215, Jeddah 21589, KSA; Email: shagufta.mufti@gmail.com
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tumors, radiotherapy, chemotherapy, surgical diagnostic and therapeutic procedures and 
intravenous lines and other devices. The pathogens found in cases of altered anatomical 
barriers are similar to those encountered in patients with granulocytopenia. The third 
factor predisposing such patients to serious bacterial and nonbacterial infections is 
immunocompromised state especially in patients with lymphomas, multiple myelomas and 
chronic lymphatic leukemia [5]. Neutropenic hosts are susceptible to a number of infections 
including pyogenic bacteria, invasive aspergillosis, candidiasis, and mucormycosis. Among 
these one sees abundant organisms but not the expected purulent infl ammatory reaction. 
Hosts with adequate numbers of neutrophils but defective neutrophil function (e.g., in 
diabetes) also are at risk for invasive infections with these fungi. Vascular invasion is 
typical of invasive aspergillosis, candidiasis, and mucormycosis, although this phenomenon 
is usually appreciated on histological sections rather than in the cytology laboratory [6]. 
Protracted neutropenia coupled with breaches in skin (e.g., from a central intravascular 
line) and bowel (e.g., from mucotoxic chemotherapy) predispose patients to candidemia and 
invasive aspergillosis [6].

Bacterial Infections Among Immunocompromised Hosts
Bacterial respiratory infections

Bacterial pneumonia is a common cause of morbidity in immunocompromised hosts. 
The high rates of bacterial pneumonia in immunocompromised hosts probably result from 
multiple factors, including qualitative B-cell defects that impair the ability to produce 
pathogen-specifi c antibody, impaired neutrophil function, numbers or both and the factors 
(e.g., injection drug use) that are also associated with HIV infection. The type of pulmonary 
infection depends upon the defects in host defense mechanisms [7].

Pathological basis: Bacterial pneumonia may be associated with neutropenia, 
solid tumor or multiple myeloma. Opportunistic infections are associated with steroids, 
lymphoproliferative disorders and hematopoietic stem-cell transplantation [8]. Table 2 [7-
10] presents the immune defects and commonly associated pulmonary pathogens.

Although the majority of pulmonary complications in immunocompromised hosts are 
infectious in nature, noninfectious complications of the disease can account for 25%. 
Pseudomonas aeruginosa has been increasingly recognized as an important source of 
bacterial pneumonia in HIV hosts particularly in those with neutropenia, steroid use, 
multiple antibiotic therapy, myelosuppressive therapy and indwelling catheters.

Defect Measure Pulmonary Pathogen Underlying cause

Immunoglobulin 
defect Ig G less than 400 mg/dl Streptococcus pneumonia,

Hemophilus infl eunzae

Common variable immune defi ciency
Multiple myeloma

CLL

Neutropenia Neutrophils less than 1000 
cells/cumm

Staphylococcus aureus
Pseudomonas aeruginosa

Acute leukemia
Chemotherapy induced neutropenia

Aplastic anemia
Bone marrow/stem cell transplantation

T cell defect CD 4 cells less than 500cells/
cumm

Mycobacterium tuberculosis
Legionella pneumophilia 

Table 2: Immune defects and commonly associated pulmonary pathogens.

In non HIV immunocompromised hosts S. aureus and gram negative aerobes such as 
Klebsiella, P. aeruginosa, Rhodococcus equi, E. coli, Proteus, Pseudomonas, Enterobacter 
and Serratia are responsible. Renal transplant recipients and those on immunosuppressive 
drugs and steroids are prone to Legionella pneumophilia [10]. Bacterial pneumonia might 
also be the fi rst manifestation of underlying HIV infection and can occur at any stage of 
HIV disease and at any CD4+ count. Risk factors associated with an increased risk for 
bacterial pneumonia, include low CD4+ count, injection-drug use and cigarette smoking 
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relative defect in IFN-gamma production in response to MAC may predispose an individual 
to localized but partially controlled lung disease whereas defects leading to reduced IL-12 
and TNF-alpha production may allow the dissemination of MAC [18].

Morphological features: Histologically, the pathology often shows extensive areas 
of non-necrotizing epithelioid histiocytes and is highly characteristic. With progressive 
immunodefi ciency, granulomas become poorly formed or can be completely absent 
[19,20]. The causative mycobacteria are indistinguishable from M. tuberculosis and only 
a culture or PCR can accurately establish the diagnosis. A recently described variant 
of MAC infection is known as “hot tub lung.” The lung shows a micro granulomatous 
hypersensitivity pneumonitis that may be accompanied by necrotizing granulomatous 
infl ammation. An unusual presentation of MAC infection in the immunosuppressed host 
is the pseudosarcomatous nodule. This can develop in the lung or in soft tissues and 
hematopoietic tissues. The nodules are composed of spindle cells and may be mistaken for a 
low-grade spindle-cell neoplasm. However, examination reveals the foamy appearance of the 
spindle cells which proves to be CD 68-positive macrophages containing large numbers of 
ingested mycobacteria and the absence of mitotic activity [20]. Histopathologic examination 
of liver, spleen, bone marrow or intestine from patients with AIDS-related disseminated 
MAC shows high-grade infection with lack of infl ammatory infi ltrate or tissue necrosis.

Bacterial enteric infections
Incidence rates of gram-negative bacterial enteric infections are 20- to 100 fold higher 

among immunocompromised HIV-infected adults than in the general population. The most 
common causes in the United States are Salmonella, Shigella, Spirochetosis, Mycobacterium 
avium intracellulare and Campylobacter [21]. 

Pathological basis: The probable source for most infections is ingestion of contaminated 
food or water. Sexual activity with the potential for fecal-oral exposure also increases risk 
for infections especially with Shigella and Campylobacter. Acquisition of enteric bacterial 
infections might be facilitated by HIV-associated gastric achlorhydria by treatment with 
agents that decrease gastric acid secretion such as immunosuppressive drugs and by 
immunocompromised states associated with alterations in mucosal immunity. The risk 
for more profound illness increases with the degree of immunosuppression. Relapses in 
infections with Salmonella and other gram-negative bacterial enteric pathogens after 
appropriate treatment have been well-documented. Salmonella is a particularly common 
cause of septicemia which is prone to relapse. Recurrent Salmonella septicemia constitutes 
an AIDS-defi ning illness and might require chronic suppressive therapy. The development 
of antimicrobial resistance during therapy, often associated with clinical deterioration 
or relapse, can also occur among HIV-infected hosts with gram-negative enteritis [21]. 
Adults with diabetes, long term steroid medication, hematological malignancy, advanced 
or disseminated solid cancers, autoimmune disease, liver disease (particularly alcoholic), 
renal transplantation and those taking immunosuppressive drugs are susceptible to NTS 
bacteremia [22]. Patients with these underlying conditions are more likely to present with 
primary bacteremia and an absence of diarrheal disease, as confi rmed in several populations 
and lack of diarrhea is a useful marker for underlying immunosuppression and high 
mortality [23]. Salmonella infection in humans cause a range of diseases including diarrheal 
disease caused by a large number of non-typhoidal Salmonella serovars. NTS have a broad 
vertebrate host range, epidemiology that often involves food animals, and have a dramatically 
more severe and invasive presentation in immunocompromised hosts. Immunocompromise 
among adults, including severe or progressive disease, chronic granulomatous disease, 
defects or blockade of specifi c cytokines (particularly IL-12/IL-23/IL-17 and TNF) and HIV, 
is associated with suppurative foci and with primary bacteremia disease, which may be 
recurrent. These patients have markedly increased mortality [23]. Intestinal spirochetosis 
is yet another emerging infection among immunocompromised hosts that involves the colon 
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patients are more likely to develop different and severe life-threatening disease. Bartonella 
are fastidious hemotropic facultative intracellular Gram-negative bacteria of the alpha-2 
subgroup of Proteobacteria [30].

Pathological basis: B. henselae is a zoonosis transmitted from the natural reservoir 
cats usually via cat scratch or bite and less commonly by a vector such as cat fl eas or ticks. 
Disease caused by B. quintana has dramatically decreased and now occurs primarily in 
small epidemics in conditions characterized by crowding and poor sanitation. Humans are 
likely the natural reservoir for B. quintana which is spread by human body lice. Most of the 
research in infection involving immunocompromised hosts has focused on the stimulatory 
role of angiogenesis by these organisms. However, understanding of the immune defense 
against Bartonella species among immunocompromised hosts has been hampered by the 
lack of good animal model [31]. Since the response in the immune competent system involves 
Th1 and innate immunity through macrophages, a logical inference can be made that 
HIV-positive and other hosts defi cient in these immunological areas would have diffi culty 
limiting the infection and thus would develop systemic manifestations. Bartonella has 
several characteristics that lead to immune evasion such as: Bartonella Lipopolysaccaride 
(LPS) is composed of a unique combination of lipid A and long-chain fatty acids which likely 
contributes to the bacteria’s ability to evade the immune system as its surface molecules 
are not recognized by “Toll–Like Receptor-4” (TLR) on dendritic cells or macrophages. This 
allows for establishment of what might lead to persistent infection. Furthermore, B. henselae 
can avoid lysosomal fusion and acidifi cation after the bacteria invades phagocytes such as 
endothelial cells and macrophages [31]. 

Morphological features: Bacillary angiomatosis is the most common sequel of B. 
quintana and B. henselae infections in patients with cell-mediated immunodefi ciency 
such as HIV and post-transplant patients on immunosuppressive therapy [32]. Both the 
said species induce their characteristic vasoproliferative lesion, bacillary angiomatosis, or 
peliosis, in immunocompromised hosts by direct or indirect effects on endothelial cells. 
Both infections persist within periendothelial extracellular matrix resulting in sustained, 
localized bacterial replication within collagen tissue [33]. The lesions appear as cutaneous 
nodular vascular lesions but may also be found in a variety of organs including the GI-
tract where they may cause hematemesis, genitourinary system and other organs including 
heart, spleen, bones and central nervous system [34]. The differential diagnosis for bacillary 
angiomatosis includes Kaposi’s sarcoma, angiosarcoma and pyogenic granuloma [30].

Bacterial skin infections
Mycobacterium haemophilum infection: Mycobacterium haemophilum causes mainly 

skin lesions in immunocompromised patients especially in patients with lymphoma or HIV 
and in organ transplant recipients [35,36]. Multiple skin lesions tend to occur and can 
present as erythematous papules, plaques, nodules, necrotic abscesses or chronic ulcers. 
Lesions are found most frequently over joints in the extremities and less commonly over 
trunk and face. Skin lesions typically evolve from papules to asymptomatic pustules and 
eventually to very painful deep-seated ulcers. The erythematous or violaceous papules 
and/or nodules are usually painless at fi rst, but they can develop into potentially very 
painful abscesses. Several cases of septicemia and pneumonitis which occur due to M. 
haemophilum have been reported with disseminated and pulmonary infections. Rare cases 
of polymyositis, ophthalmic infections, central venous catheter infections, epididymal 
infections and osteomyelitis have also been reported [35].

Other emerging bacterial pathogens
Corynebacterium species are normal fl ora of skin and mucous membrane. In recent 

years, coryneforms have emerged as important opportunistic pathogens among 
immunocompromised hosts. Majority of the Corynebacterium macginleyi isolates are from 
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aspergillosis [46]. Invasive pulmonary aspergillosis is a disease that occurs in severely 
immunocompromised patients including patients with prolonged neutropenia, hematopoietic 
stem cell, solid organ transplant recipients, patients with AIDS, premature newborns and 
patients with chronic granulomatous disease [47]. Aspergillosis in immunocompromised 
hosts most frequently involves the respiratory tract with signs and symptoms of fever, 
cough, dyspnea and hemoptysis. It may also involve sinuses, tracheobronchial tree, heart 
bone or central nervous system [48].

Morphological features: Aspergillus are usually described as thin (3- to 12- m), septate, 
acute-angle (45 degree) or dichotomous branching hyphae (Figure 1 A). Vesicles with conidia 
can be observed when the fungi are present in cavitary lesions or sinuses [49] (Figure 1 C). 
Although a branching septate mold in tissue is most commonly Aspergillus, other organisms 
including hyaline and dematiaceous molds may be morphologically indistinguishable 
from Aspergillus species. By tissue morphology alone, Aspergillus cannot be defi nitively 
differentiated from other hyalohyphal fungi unless conidia-bearing fruiting heads are seen 
[50]. Allergic bronchopulmonary aspergillosis and rhinosinusitis are characterized by 
allergic mucous with eosinophils, Curshmann’s spirals, Charcot-Leyden crystals; mucosa 
with suppurative and granulomatous infl ammation, vasculitis and fi brosis. In chronic 
pulmonary aspergillosis the wall surrounding the fungus ball consists of fi brosis and in 
chronic necrotizing pulmonary aspergillosis the wall surrounding the fungus ball consists 
of a layer of necrosis, granulation tissue, granulomatous infl ammation and fi brosis. In 
invasive disease there is angioinvasion by hyphae with consequent necrosis or hemorrhage 
of surrounding tissue [49]. The organisms can be seen with Hematoxylin and Eosin (H & 
E), Grocott’s Methenamine Silver (GMS) (Figure 1 B and C) and Periodic Acid-Schiff (PAS) 
stains.

(a) (b) (c)

Figure 1: Cytological smear of bronchoalveolar lavage from a 75 year old diabetic female patient with recurrent carcino-
ma of the breast. 
A: 60 X, Papanicolaou stain showing a cluster of dichotomous branching hyphae.
B: 60 X, Grocott’s methenamine silver stain showing the branching hyphae.
C: 60 X, Grocott’s methenamine silver stain showing conidiophores containing the typical fruiting heads of Aspergillus.

(a) (b) (c)

Figure 1: Cytological smear of bronchoalveolar lavage from a 75 year old diabetic female patient with recurrent carcino-
ma of the breast.
A: 60 X, Papanicolaou stain showing a cluster of dichotomous branching hyphae.
B: 60 X, Grocott’s methenamine silver stain showing the branching hyphae.
C: 60 X, Grocott’s methenamine silver stain showing conidiophores containing the typical fruiting heads of Aspergillus.

 

Candidiasis
Candida is a frequently occurring mycotic pathogen among immunocompromised hosts 

[51]. Candida albicans colonizes the human oropharynx, vagina and a small number of 
viable organisms can be cultured from these surfaces. C. albicans is the most frequent 
species isolated from the blood accounting for one-third to two-thirds of bloodstream 
isolates [51,52]. 

Pathological basis: Among the immunocompromised individuals candidiasis may cause 
superfi cial or invasive disease. The routes of invasion of Candida are given endogenous or 
exogenous. The endogenous route is the most important as Candida infections originate 
predominantly from the patient’s own colonizing organisms from the gastrointestinal tract 
and skin. Infection however requires some defect in the normal host immunity. Breakdowns 
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Morphological features: Characteristics that set candidiasis apart are that in tissues 
Candida organisms appear as mats of yeasts measuring 3 to 5 m in diameter intermingled 
with pseudohyphae (also referred to as fi laments) (Figure 2 A and B). The fi laments may 
show periodic constrictions giving “Sheesh Kabab” appearance. The organisms can be 
seen with H & E, GMS and PAS stains (Figure 2 C and D). Histopathologic examination of 
specimens is very important to defi ne invasion of tissues and vessels since growth from skin, 
lung and the gastrointestinal or genitourinary tract is only indicative of colonization [55]. 
The usual host reaction whether in superfi cial or invasive candidiasis consists primarily 
of neutrophilic infl ammation with some lymphocytes, macrophages, fi brin and coagulative 
necrosis. Giant cells and granulomas can be seen but are sparse. As Candida organisms 
invade blood vessels, they can cause mycotic aneurysms or thrombophlebitis. Necrotizing 
vasculitis has been described in candidemia but organisms are not observed in the necrotic 
vessels supporting the concept that Candida soluble fractions cause the necrotizing lesions 
[49,56]. Morphologically superfi cial infections show minimal to suppurative infl ammation 
[49]. Invasive disease shows various infl ammatory responses; primarily suppurative 
infl ammation with rare granulomas, invasion of blood vessels with necrotizing vasculitis [49].

Cryptococcosis
Human Cryptococcosis is caused by several Cryptococcus species including C. 

neoformans and C. gattii. C. neoformans is responsible for the majority of infections found 
in immunocompromised individuals [57]. 

Pathological basis: The most frequent predisposing immunocompromised factor for 
cryptococcal disease is HIV infection; however, other immunocompromised conditions 
associated with Cryptococcosis are underlying lung, liver or renal disease, immunosuppressive 
agents, malignancies and autoimmune diseases. From the lung, cryptococci can disseminate 
to the central nervous system (producing meningitis or cryptococcomas), skin, bones or 
other tissues. C. gattii is associated with a higher incidence of solid lesions in the lungs and 
brain. The frequency of disseminated disease is dependent on the immune status of the 
patient. An immunocompromised patient commonly presents with central nervous system 
involvement [58,59].

Morphological features: Histologically Cryptococcosis appear as encapsulated, spherical 
to oval yeast that measure 5 to 10 m in diameter and have narrow-based budding (Figure 3 A 
and B). A thick polysaccharide capsule gives these organisms the characteristic appearance 
of having a clear space around them that can be seen in tissue sections with hematoxylin 
and eosin stains. When testing Cerebrospinal Fluid (CSF), India ink can be used as a 
negative stain to highlight the capsule (Figure 3 C). Because of the capsule, the buds appear 
separate from the mother cells. The polysaccharide capsule stains with Alcian blue, Mayer’s 
or Southgate’s mucicarmine stain. As with all other yeasts, the wall of the organism stains 
with GMS and PAS stains [49,57,58]. Cryptococcoma is a granuloma with various degrees 
of necrosis and fi brosis seen more frequently with C. gattii among immunocompromised 
hosts. Cryptococcal pleural effusion is also common among these patients. Disseminated 
cryptococcal disease is characterized by abundant extracellular yeasts which efface tissue 
architecture by necrosis frequently extending to involve the CNS producing meningitis or 
cryptococcomas, skin, bones or other tissues [49].

Blastomycosis
Blastomycosis is a potentially fatal systemic and cutaneous fungal infection of humans 

and animals caused by Blastomyces dermatitidis, a thermally dimorphic fungus that exists 
in mycelial form in the soil of warm, moist, wooded areas that are rich in organic debris 
[60,61]. Due to widespread disease in Chicago, Blastomycosis is also referred to as “Chicago 
disease” [62].
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Aspergillus, ranging from allergic responses in sinuses and lungs with colonization of 
lung cavities and formation of fungal balls to invasive pulmonary and disseminated organ 
involvement. Disseminated disease is seen primarily in patients with AIDS, primary 
immunodefi ciencies, hematologic malignancies and transplants and/or corticosteroid 
recipients. In tissue the features of hyaline septate molds are similar to those seen with 
aspergillosis .The fungi invade vessels and cause thrombosis and necrosis of the surrounding 
tissues. Microscopically the hyphae are septate showing acute angle branching and are not 
pigmented [67].

Pneumocystis jirovecii
Pneumocystis is an interesting organism that has both protozoan and fungal 

characteristics and has been classifi ed as both at different times in history. In addition, 
the species that is pathogenic to humans (previously named P. carinii) has recently been 
renamed P. jirovecii (PJ). Although the mode of transmission of Pneumocystis is not known, 
an airborne mechanism is suspected since the majority of infected patients present with 
pneumonia. Extra pulmonary infections result from dissemination from lungs to other 
organs, such as lymph nodes, spleen, bone marrow, liver, kidneys, heart, brain, pancreas 
and skin [69]. 

Pathological basis: P. jirovecii Pneumonia (PJP) has been the leading cause of morbidity 
and mortality in people with HIV for many years but with the widespread use of ART ((Anti-
Retroviral Therapy) and anti-Pneumocystis prophylaxis. The incidence of PJP has declined 
particularly in high-resource countries where individuals have access to these treatments 
[69,70]. In contrast to the case for the HIV-infected population, the number of non-HIV-
infected immunocompromised patients at risk for PJP has been increasing with the 
increasing use of organ transplantation, and(with) the introduction of anti-tumor necrosis 
factor alpha (anti-TNF-α) agents and other immunosuppressive agents or increasing number 
of patients with altered immune status [49,69,71,72]. Although the genetic susceptibility of 
HIV hosts to PJP has not been widely examined, polymorphism in the gene encoding the Fc 
segment of IgG (Fc γ R II a) has been shown to infl uence the risk of PJP [73]. The strongest 
risk factor for PJP in HIV patients is a CD4+ cell count below 200 cells/μ l with the risk 
increasing the lower the CD4+ count declines below this level. Previous PJP, oral candidiasis 
and persistent fevers are also risk factors for PJP [70]. Mortality in the non-HIV-infected 
immunosuppressed population is generally higher than that in HIV infection [71]. The CD4+ 
cell count is less helpful in determining PJP risk in this population, although many patients 
do have low counts at the time of illness [74]. An imbalance of pro-infl ammatory and anti-
infl ammatory cytokines in BALF was found in PJP of non-AIDS immunocompromised 
patients. BALF levels of IL-8, IL-8/IL-10 ratio, IL-1β/IL-10 ratio, IL-1β/TGF-β1 ratio, MCP-
1/TGF-β1 ratio and IL-8/TGF-β1 ratio are been suggested to be of value in assessing the 
severity of PJP and in predicting the outcome of the patients [75]. 

Morphological features: P. jiroveci in a Papanicolaou-stained sample of BAL fl uid 
shows a bubbly appearance of the “exudates” (Figure 4 A). The so-called foamy exudate is 
actually not an exudates but rather a massive collection of cysts and extra cystic forms of 
the fungus [76]. In tissue sections stained with H & E, pneumocystis pneumonia presents 
as foamy intra-alveolar eosinophilic exudate with minimal infl ammatory infi ltrate. In T cell–
immunocompromised hosts the infl ammatory response to the organism is minimal usually 
consisting of macrophages, lymphocytes and plasma cells. In pneumonia and disseminated 
disease affecting immunocompromised hosts there is minimal reaction with rare atypical 
reactions such as fi brosis and granulomas [76]. In Papanicolaou stained respiratory 
cytology specimens the organisms blend into the mucous blue-green background. GMS 
staining demonstrates that the foamy material in tissue sections or cytological specimens 
corresponds to multiple organisms which are thin-walled spheres of 2 to 5 m that have 
an intra-cystic focus (capsular dot) (Figure 4 B). Collapsed organisms are usually found 
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 Micro-elements: are those required in the neighborhood of 10-6 m or less and they 
include Iron,Copper, Manganese, Zinc and Molybdenum. Other elements that have been 
found to be essential are; Scandium, Vanadium and Gallium. They also require Vitamins for 
growth such as VitaminB1 (thiamin), B2 (biotin), B3 (nicotinic acid), B5 (pantothenic acid), 
B12 (cyano) Niacin, Pyridoxine and P-Aminobenzoic acid. Those fungi that require vitamin 
for growth are described as auxotropic fungi and those that can synthesize the vitamin they 
need are described asprototropic fungi.

In humans, mycosis often occurs in immunocompromised patients. And fungi are 
common problems in the immunocompromised patient as the causative agents of skin, nail 
or infections especially the Aspergillus species.

Aspergillus species are found worldwide, and widely distributed in the environment. 
Aspergillus belongs to the phylum Ascomycota. They are aerobic organisms found in almost 
all oxygen-rich environments, where they commonly grow as molds on the surface of a 
substrate. These species are common contaminants of starchy foods (such as bread and 
potatoes), and grow in or on many plants and trees. In addition to growth on carbon sources, 
many of them demonstrate oligotrophy where they are capable of growing in nutrient-
depleted environments, or environments in which there is a complete lack of key nutrients. 
Example is Aspergillus niger.

Aspergillus is important medically and commercially. Some species can cause infection 
in humans and other animals. More than 60 Aspergillus species are medically relevant 
pathogens.

Some Aspergillus species cause serious disease in humans and animals. The most 
common causing pathogenic species are Aspergillus fumigatus and Aspergillus fl avus. 
Aspergillus fl avus produces afl atoxin which is both a toxin and a carcinogen, and which can 
contaminate foods such as nuts. The most common causing allergic diseases are Aspergillus 
fumigatus and Aspergillus clavatus. Other species are important as agricultural pathogens. 
They also cause diseases on many grain crops. Other species less commonly isolated as 
opportunistic pathogens are  an Aspergillus glaucus group, Aspergillus nidulans, Aspergillus 
oryzae, Aspergillus terreus and Aspergillus versicolor.

The most common etiologic agents of Aspergillosis are Aspergillus fumigatus, A. niger, 
A. fl avus, A. nidulans and A. terreus. They occur chiefl y in immunocompromised persons. 
Invasive infections caused by Aspergillus have been associated with high rates of morbidity 
and mortality especially in immune compromised individuals. They are the second most 
recovered fungal pathogens after Candida. These groups of diseases caused by Aspergillus, 
is known as Aspergillosis. Immune compromised individuals, suffer a lot of Aspergillosis.

There are several forms of Aspergillosis which include:

Allergic Bronchopulmonary Aspergillosis or ABPA: This type is caused by an allergic 
reaction to the spores the fungus. It usually develops in people who have lung problems 
(such as asthma, sinusitis and cystic fi brosis). It is the mildest form of aspergillosis.

Aspergilloma: It is a growth (fungus ball) that develops in an area of past lung disease 
(Such as tuberculosis or lung abscess) or that can form within the lungs. It is common 
in people who have cystic fi brosis or cavities (spaces) in their lungs. Coughing up blood 
(hemoptysis) is one of the most common symptoms of aspergilloma. Aspergillus fungi enter 
the lungs and group together to form a dense knot of fungi, called a fungal ball. Aspergilloma 
usually only affects people who have an existing lung condition, such as tuberculosis (TB), 
which means that they have cavities or damage in their lungs.

Invasıve Aspergillosıs: This type is a serious infection with pneumonia that can spread 
to other parts of the body. It is more common with people with a weakened immune system 
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Treatment
A fungus ball is usually not treated (with antifungal medicines) unless there is bleeding 

into the lung tissue. In that case, surgery is needed. Invasive aspergillosis is treated with 
several weeks of an antifungal drug called voriconazole. It can be given by mouth or directly 
into a vein (IV). Amphotericin B, echinocandins, oritraconazole can also be used.

Endocarditis caused by Aspergillus is treated by surgically removing the infected heart 
valves.

Long-term antifungal therapy is also needed.

Antifungal drugs alone do not help people with allergic aspergillosis. Allergic aspergillosis 
is

Treated with drugs that suppress the immune system (immunosuppressive drugs) -- 
most often

Prednisone taken by mouth.

Prevention of Aspergillosis
Be careful when using medications that suppress the immune system. Preventing AIDS 

also prevents certain diseases, including aspergillosis, that are associated with a damaged 
or weakened immune system.

• Mycotic infections are classifi ed by the tissue levels that are colonized.Superfi cial 
infections are generally limited to the outer layers of the skin and hair.

• Cutaneous infections are located deeper in the epidermis, hair and nails.

• Subcutaneous infections involve the dermis, subcutaneous tissues and muscle.
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Gynecologic infections are a microbial phenomenon characterized by an infl ammatory 
response to the presence of microorganisms or invasion of normally sterile host tissue. In 
many cases, these infections are transmitted via sexual intercourse. When unrecognized, 
or severe, these infections may result in bacteremia, sepsis, septic shock and death. The 
clinical manifestations of sepsis are caused by the body’s infl ammatory response to toxins 
and other components of microorganisms [1]. 

Immunocompetent women seeking medical care have the advantage of having these 
infections readily diagnosed given their clinical manifestations and treated with prompt 
antimicrobial therapy. Immunocompetent hosts also have the advantage of clearing the 
infections more readily resulting in quicker recovery periods with less complicating sequelae. 

Uncommon cases, such as those presenting in immunocompromised hosts, often fail 
to mount a proper immune response to gynecologic infections. This results in diffi culty 
in early detection and an infectious process that may go unrecognized without a careful 
assessment of clues available through physical examination and laboratory testing. A recent 
study found that hydrogen peroxide plays a role in the immune system in certain fi sh and 
humans [2]. In the study, scientists found that hydrogen peroxide within cells increased 
after tissues were damaged in zebra fi sh, which is thought to act as a signal to white blood 
cells to converge on the site and initiate the healing process. When the genes required to 
produce hydrogen peroxide were disabled, white blood cells did not accumulate at the site 
of damage. The experiments were conducted on fi sh; however, because fi sh are genetically 
similar to humans, the same process is speculated to occur in humans. This explains why 
immunocompromised patients are less likely to clear many infections so readily, specifi cally 
gynecological infections. However, even with an intact functioning immune system, these 
vulnerable hosts may come in contact with virulent pathogens that can lead to severe 
infections, septic shock and death, despite acting apprehensively and appropriately. 

Unfortunately, pregnancy itself harbors an immunocompromised state, thereby, 
increasing the likelihood of severe infections when a virulent microorganism is paired with 
an infectious procedure complication such as induced abortions, vaginal delivery, more 
especially with episiotomies and cesarean deliveries. Gynecological procedures, such as 
hysterectomies, with concomitant medical co-morbidities (i.e. diabetes mellitus) may further 
increase the likelihood of severe infections to occur [3]. Clinicians often rely on the basics 
of history and physical examination to guide further diagnostic workup and treatment of 
women presenting with complaints after these procedures. 

The association between preterm birth and infection is well known and long established. 
Systemic infections such as pyelonephritis and pneumonia are associated with preterm 
delivery, but ascending vaginal infection may be the most common and critical pathway. 
Ascending microbes reach the membranes and amniotic fl uid by ascending into the cervix 
and uterus from the vagina and incite an infl ammatory response. This maternal immune 
activation (MIA) can result in unwanted consequences, such as preterm birth, neonatal 
brain injury and low birth weight [4]. 

Homelessness is a major global problem, with estimates of up to 100 million people 
worldwide being vagrant, of which at least 600,000 are in the United States. Homeless 
women are at a high risk for rape, commercial sex working and abusing illicit drugs, such 
as needles from other immunocompromised hosts with HIV and hepatitis [5]. In addition 
to becoming immunocompromised, they are less likely to seek medical attention for 
gynecological infections. This consequentially places them at a higher risk of complications, 
including bacteremia, sepsis, septic shock and death.

Pathophysiology for Gynecological Infections
It is important to understand the fundamental stages of infection, defi ned as a microbial 
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and Trichomonas vaginalis [9]. Other normally inhabiting microorganisms consist of Aerobic 
gram-negative and gram-positive bacteria, some of which harbor devastating toxins. 
Although these microorganisms tend to keep their toxins inactivated, severe gynecological 
infections can occur if they are activated. 

Each year, over 6 million healthcare visits are due to some form of vaginitis, with more 
than a billion dollars spent annually on assessment and treatment. Bacterial vaginosis 
is perhaps the most common form of vaginitis, accounting for approximately 12-50% of 
occurrences [10]. According to the National Health and Nutrition Examination Survey 
(NHSES), a national population-based study of 12,000 women aged 14-49 years old who 
self-collected their own vaginal swabs were analyzed with the Nugent Gram stain criteria 
[11]. The prevalence of bacterial vaginosis was 29.2%. Non-Hispanic blacks accounted for 
51.6%, Mexican Americans accounted for 32.1% and non-Hispanic Whites accounted for 
23.2%. Despite adequate therapy, recurrent bacterial vaginosis is common, with up to 80% 
in some studies.

Etiologic Causes of Gynecological Infections in Immunocompromised 
Hosts

Aerobic gram-negative bacteria harbor endotoxins within a disaccharide core consisting 
of a lipoidal acylated glucosamide. Two highly conserved endotoxins found within gram-
negative bacteria are lipid A and lipopolysaccharide (LPS) release cytokines (i.e. tumor 
necrosis factor α) and other immune modulators that mediate the clinical manifestations 
of sepsis. Aerobic gram-positive organisms mediate sepsis by 2 main mechanisms: (1) cell 
wall components, such as peptidoglycan, teichoic acids and surface proteins; (2) release 
of various toxins, both endotoxins and exotoxins, such as toxic shock syndrome toxin-1 
released by Staphylococcus aureus [12]. 

In addition to organisms that may typically infect normal hosts, immunocompromised 
patients have increased susceptibility to infections with organisms of little native virulence 
in normal individuals. Group A streptococcus (GAS) is rarely present, but may harbor, the 
normal vaginal fl ora from inoculation of the women’s own pharynx or from a close contact 
source [13]. GAS is known to harbor a variety of virulence factors, such as M-protein, 
streptokinase, streptolysin S and O and streptococcal chemokine protease enzymes, 
which stimulate the release of interleukin-1, tumor necrosis factor α, interleukin-6 and 
arachidonate metabolites from human monocytes. These virulence factors result in clinical 
invasive GAS gynecological infections, such postpartum endometritis, wound infections, 
necrotizing fasciitis and toxic shock syndrome . The differential diagnoses of the potential 
microbes that lead to gynecological infections in immunocompromised host are broad and 
may include:

I.  Encapsulated bacteria, such as Group B streptococcus (GBS) is of great concern, 
specifi cally during the immunocompromised state of pregnancy, which is known to cause 
infections in both the mother and her newborn child. In the mother, GBS is associated 
with vaginitis, cervicitis, endometritis, sepsis, meningitis and pneumonia, whereas in the 
newborn, GBS is associated with conjunctivitis, meningitis, pneumonia and sepsis. During 
pregnancy, chorioamnionitis can also be seen with GBS. 

II.  Aerobic bacteria— Neisseria gonorrhoeae, Staphylococcus, Streptococcus, E. coli, 
Mycoplasma genitalium, Haemophilus ducreyi and Klebsiella granulomatis

III. AnAerobic bacteria – Chlamydia trachomatis, Trichomonas vaginalis, Listeria 
monocytogenes, Gardnerella vaginalis, Peptostreptococcus, Prevotella brevis, Mobiluncus, 
Mycoplasma species , Clostridium, Haemophilus ducreyi, Actinomyces israelii and Bacteroides 

IV.  Spirochete - Treponema pallidum
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plays a role [17]. BV is therefore considered to be a sexually “related” disease rather than 
sexually transmitted disease. Untreated or immunocompromised women are more likely to 
suffer from signifi cant adverse sequelae due to BV, such as pelvic infl ammatory disease, 
particularly after induced abortions and hysterectomies, resulting in postoperative cuff 
infections and abnormal cervical cytology. Pregnant women, especially those severely 
immunocompromised, are at high risk for premature rupture of membranes, preterm labor 
and delivery, chorioamnionitis and post-cesarean endometritis [18]. See Section 4.4 for 
diagnostic algorithm and Section 4.5 for treatment.

Trichomonas vaginitis is a sexually transmitted disease associated with an AnAerobic 
fl agellated parasitic microorganism known as Trichomonas vaginalis. In many occasions, 
immunocompromised patients who contract this infection often have other concomitant 
gynecological infections, including BV, Neisseria gonorrhoeae, Chlamydia trachomatis, 
syphilis and HIV [19]. As with BV, immunocompromised patients with Trichomonas vaginitis 
left untreated or undertreated are at an increased risk of postoperative cuff cellulitis 
following a hysterectomy. Every patient scheduled to have a hysterectomy, whether via 
vaginal, abdominal, or minimally invasive technique, should have testing and treatment 
of Trichomonas and BV prior to their surgery. Immunocompromised pregnant patients 
also carry an additional risk of premature rupture of membranes and preterm delivery. 
Studies have shown that patients who acquire Trichomonas have a three times increased 
likelihood of acquiring HIV. Immunocompromised patients also carry an additional risk of 
acquiring chronic HPV infections, which can ultimately increase their risk of cervical cancer 
[20]. According to the CDC guidelines, all immunocompromised hosts should be tested for 
Trichomonas annually [21]. Immunocompromised hosts, such as those with HIV, who are 
infected with Trichomonas vaginalis, should be treated with a 7-day course of metronidazole; 
rather than a one-time dose of 2 grams orally as done with HIV-negative patients. For non-
pregnant patients, a test of cure should be performed 3 months after receiving therapy, as 
well as testing, diagnosing and treating all partners involved. Immunocompromised hosts 
who have an allergy to metronidazole should be treated with a desensitization protocol; 
whereby, they are hospitalized and treated with escalating doses of metronidazole or 
tinidazole under close observation. See Section 4.4 for diagnostic algorithm and Section 4.5 
for treatment.

Vulvovaginal candidiasis (VVC) is very common in immunocompromised patients, with 
estimates of at least 75% of hosts experiencing at least one episode during their lifetimes 
and over 50% of these hosts having recurrent infections even after adequate therapy [22]. 
Immunocompetent patients have the advantage of clearing their primary infection more 
readily with few having recurrent infection. Candida albicans, a dimorphic fungus that 
exists as a blastospore, has the ability to transform into mycelia as a result of blastospore 
germination. This transformation gives this fungus the ability to colonize the lower genital 
tracts of many immunocompromised hosts without any symptoms; however, tissue invasion 
may ultimately incur. When the invasion process occurs, these fungi are capable of releasing 
extracellular toxins, which accounts for the symptoms of pruritus and infl ammation 
surrounding their lower genital tracts [23]. Candida albicans is responsible for at least 
90% of vaginal yeast infections, which respond well to most over-the-counter antifungal 
vaginal suppository agents. For this reason, it is critical that a proper work-up with fungal 
cultures be performed when immunocompromised patients present with symptoms of VCC. 
Candida glabrata and Candida kruseii have been known to be resistant to many traditional 
antifungal agents. The most vulnerable immunocompromised hosts that suffer from 
recurrent symptomatic disease, defi ned as ≥ 4 per year, include patients with advanced or 
uncontrolled HIV, diabetes mellitus, pregnancy and chronic antibiotic use. Most experts 
agree that the main reason for their recurrent disease is their inability to mount a proper 
cell-mediated immunity, thereby, leading to a higher incidence of candidiasis [24]. See 
Section 4.4 for diagnostic algorithm and Section 4.5 for treatment.
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causes of genital ulcers caused by herpes Simplex virus (HSV) and syphilis in the United 
States. Immunocompromised patients also have the added list of acquiring additional ulcers, 
such as chancroid, caused by Haemophilus ducreyi, lymphogranuloma venereum (LGV) 
caused by Chlamydia trachomatis serovars L1, L2, L2a or L3, and granuloma inguinale 
(donovanosis) caused by Klebsiella granulomatis [31]. A thorough physical examination 
and history is crucial when assessing a patient with a genital ulcer(s). Optimally, the 
evaluation of a patient with a genital ulcer should include dark-fi eld microscopy or direct 
immunofl uorescence testin for Treponema pallidum, culture of antigen testing for HSV, and 
culture for Haemophilus ducreyi. Many immunocompromised hosts, particularily those who 
are homeless or seek very little medical attention, develop genital ulcers begin as small 
ulcers with time and expand and encompass nearly their entire genital area with time. Of 
note, approximately ¼ of these diagnoses remain unconfi rmed. 

Herpes Simplex is a viral disease from the herpesviridae family caused by both Herpes 
Simplex Virus type 1 (HSV-1) and type 2 (HSV-2). Infection with the herpes virus is categorized 
into one of several distinct disorders based on the site of infection. Transmission may also 
occur via skin contact during periods of asymptomatic shedding. Condom contraception 
has been shown to decrease transmission rate [31]. Recurrent infections may occur more 
especially with immunocompromised hosts. These hosts also have higher tendencies to have 
more outbreaks related to a variety of stimuli and stressors, such as more frequent bacterial 
and viral infections, other sexually transmitted diseases and longer recovery periods from 
prior infections [32]. Grouped vesicles mixed with small ulcers, particularly with a history of 
such lesions, are almost always pathognomonic of genital herpes. Due to the broader range 
of tissue, the psychological aspect that follows such ulcers alters their self-image and affects 
their perceived ability to enter new sexual relationships and bear children. Of all the tests 
available for making a diagnosis of HSV, culture remains the most sensitive and specifi c 
test, with sensitivities reaching as high as 100% and specifi cities as high as 89% in the 
pustular stage. However, outside the pustular stage, genital PCR remains the test of choice 
in making the diagnosis of HSV [33]. 

Immunocompromised patients may have higher false-negative results with HSV cultures, 
especially with recurrent disease. Therefore, the use of type-specifi c immunoglobulin assays 
(IgG and IgM) for both HSV 1 and 2 is more useful in making the diagnosis of genital herpes. 
Direct fl uorescent antibody testing (DFA) can also be used in establishing a diagnosis, which 
has similar sensitivities to a culture. However, the sensitivity and specifi city drops by at 
least 50% in patients who have genital ulcers 3 or more days after the initial eruption of the 
lesions. Studies have shown that immunocompromised hosts are at high risk for resistant 
HSV to standard therapy with either acyclovir or valacyclovir, with reports indicating at 
least 5-15% of HIV positive patients (1% of the entire population) having resistance [34]. 
Sensitivities for acyclovir, ganciclovir, foscarnet and cidofovir should be tested in cases with 
suspected HSV resistance. See Section 4.5 for treatment.

Another common sexually transmitted infection more commonly seen in 
immunocompromised hosts is syphilis. Women who acquire syphilis, caused by the 
spirochete bacterium Treponema pallidum, during pregnancy, particularly during the fi rst 
trimester are at higher risk for transmitting the infection to the fetus, resulting in congenital 
syphilis [35]. With four different stages of syphilis, the signs and symptoms vary with each 
stage. The primary stage classically presents with a single fi rm, painless, non-itchy chancre. 
Secondary syphilis involves a diffuse rash frequently involving the palms and soles. Latent 
syphilis may present with little to no symptoms while tertiary syphilis may present with 
gummas, neurological, or cardiac symptoms. There are two available sensitive tests used for 
diagnosing this infection, a nontreponemal rapid plasma reagin test (RPR) and a venereal 
disease research laboratory (VDRL) test. If any of these tests are positive, a confi rmation 
should be followed, using either a fl uorescent treponemal antibody absorption test (FTA 
ABS) or a microhemagglutinin-T. pallidum test (MHA TP) [36]. Patients with an elevated RPR 
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for other types of HPV strains that may be present, these immunocompromised hosts are 
at high risk of developing gynecological malignancies, including vulvar, vaginal and cervical 
cancers. These hosts are also at higher risk for recurrences secondary to a reactivation of 
the subclinical infection [42]. Treatment typically consists of excision, as eradication of 
the viral infection is not possible. Practicing safe sexual behavior can decrease the risk of 
primary and recurrent HPV infections. See Section 4.5 for treatment.

Section 4.4: Diagnostic Algorithm for Gynecological Infection.
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Yellowish-green or gray
thin, watery

White cottage-chese
appearing, homegeneously

thick

pH < 4.5
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 No Diagnosis

 Positive  Negative
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(CVV)

Obtain a Yeast
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Discharge

Check
pH

Vaginal Infections
Disease Microorganism(s) 

Involved
Preferred Treatment Alternative Treatment

Bacterial 
Vaginosis

1) Gardnella vaginalis
2) Prevotella
3) Peptostreptococcus
4) Mobiluncus
5) Bacteroides
6) Mycoplasma 
Species

Metronidazole
500 mg PO BID x 7 days
Metronidazole Gel
0.25%, one applicator (5 gm) 
intravaginally once or twice 
daily for 5 days

Clindamycin
300 mg PO BID x 7 days
Clindamycin Cream 2%, one applicator (5 gm) intravaginally 
for 7 days
Clindamycin Ovules
100 mg, intravaginally every night for 3 days
Clindamycin Bioadhesive Cream 2%, 100 mg intravaginally 
in a single dose

**Trichomonas Trichomonas vaginalis Metronidazole
500 mg PO BID x 7 days
Metronidazole Gel
is not effective against 
Trichomonas

Metronidazole 
2 gms Po daily x 5 days
Tinidazole 
2gms PO daily x 5 days 

Vulvovaginal 
Candidiasis

1) Candida albicans
2) Candida glabrata
3) Candida tropicalis

Fluconazole
150 mg PO x 1 dose
*give an additional dose 
72 hours after fi rst dose 
for complicated cases plus 
hydrocortisone cream 1% to 
help relieve external irritation

Topical Agents
Clotrimazole
- 1% cream, 5 gm intravaginally for 7-14 days 
- 100 mg vaginal tablet for 7 days
- 100 mg vaginal tablet, 2 per day for 3 days
- 500 mg vaginal tablet x 1 dose
Butoconazole
- 2% cream, 5 gm intravaginally for 3 days
- 2% cream, 5 m BI-BSR, single intravaginal application
Nystatin
- 100,000 units vaginal tablet Daily for 14 days
Ticonazole
- 6.5% ointment, 5 gm intravaginally x 1 dose
Terconazole
- 0.4% cream, 5 gm intravaginally for 7 days
- 0.8% cream, 5 gm intravaginally for 3 days
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tuberculosis and Pneumocystis jirovecii pneumonia, formally known as Pneumocystis carinii 
pneumonia (PCP). As a result of this broad spectrum of infections, the initial evaluation of 
an HIV-positive woman includes screening for diseases associated with HIV, administration 
of recommended vaccinations (hepatitis A/B, pneumococcal and infl uenza), and behavioral 
and psychosocial counseling. HPV lesions, as with intraepithelial neoplasia, occur more 
frequently in HIV-positive women. For this reasoning, annual pap smears starting at the 
age of 21 years old is recommended [44]. Some non-randomized, non-blinded studies found 
that HIV-positive women who are virologically suppressed follow a similar course of HPV 
related infectious progression in the genital tract [45]. However, current recommendations 
still recommend annual pap smears in all HIV-positive women, irregardless of their HIV 
viral load [46]. As mentioned in the previous sections, immunocompromised hosts, such as 
those with HIV, tend to have a decreased ability to clear most acute gynecological infections 
readily and adequately, and in turn, face higher risks of complications secondary to disease-
progression sequelae. In general, all gynecological infections should always be addressed 
and treated promptly to decrease morbidity and mortality, keeping in mind that recurrences 
are very common in patients who have a dysfunctional immune system. 

Conclusion
With an intact functioning immune status, the majority of gynecologic infections can 

be diagnosed and treated effectively with few recurrences. However, immunocompromised 
hosts with untreated gynecologic infections have an increased morbidity and mortality rate. 
The major advantage of an intact immune system is the ability to clear an infection readily 
and adequately. The inability to mount a proper cell-mediated immune response can be 
detrimental to immunocompromised hosts. Healthcare providers should be keen to the 
likelihood of infections with ordinarily less virulent organisms during immunocompromised 
states and be able to adequately manage their infections in order to reduce relapses, 
complications, morbidity and mortality. 
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2010, including 390,000 among children less than 15. Thus, HIV represents a major health 
and economic burden to the global society. 

HIV renders the host immunocompromised and more susceptible to get other STIs. 
Both STDs and HIV infection are behaviorally and biologically intertwined and facilitate 
the sexual transmission of one another. Such interrelationship is known as epidemiologic 
synergy and has been studied previously. It has been shown that HIV infection increases 
the prevalence of some STDs at the community level and prior STI/STD increases HIV 
transmission risk by approximately 3-5 folds [2-4]. People with some bacterial STIs, such 
as Gonorrhea, Chlamydia, or Syphilis are at increased risk for HIV as well. Prevalent herpes 
simplex virus-2 (HSV-2) infection is also known to be associated with a 3 fold increased risk 
of HIV acquisition among both men and women in the general population [5]. Some STDs 
may promote HIV transmission by a variety of biological mechanisms that affect both HIV 
infectiousness and susceptibility. For example, other STDs facilitate HIV shedding in the 
genital tract, which probably promotes HIV infectiousness. This has been demonstrated 
by testing genital secretions for the presence and concentrations of HIV. Moreover, STDs 
potentially increase the HIV susceptible infl ammatory cells in the genital tract and disrupts 
mucosal barriers that may increase the susceptibility to HIV [6]. Given the increase in such 
epidemiological synergy, it is particularly important to diagnose, treat, and prevent such 
STIs or STDs.

STD caused by Bacteria 
Some of the most common bacteria that cause STD or STI are Chlamydia trachomatis that 

causes Chlamydia, Neisseria gonorrhoeae that causes Gonorrhea, and Treponema pallidum 
that causes Syphilis. An estimated 78 to 330 million new cases of genitourinary tract 
infections due to Chlamydia trachomatis, Neisseria gonorrhoeae, Ureaplasma urealyiticum 
and Mycoplasma genitalium are diagnosed each year worldwide1. Of these, 5 to 12 million 
are diagnosed in North America alone [7]. 

Chlamydia 
C. trachomatis infection is the most commonly reported notifi able disease worldwide 

including developed countries like the United States (U.S.) [1], United Kingdom [8], and 
Australia [9]. It is among the most prevalent of all STDs, and since 1994, has comprised the 
largest proportion of all STDs reported to CDC. Studies also demonstrate the high prevalence 
of chlamydial infections in the general population especially sexually active younger females 
[1,8-11]. Based on estimates from national surveys, Chlamydia accounts for more than 50% 
of all reported cases of infectious disease in Canada and the U.S. [9,12]. Chlamydia can lead 
to serious health consequences in females, such as pelvic infl ammatory disease, infertility, 
ectopic pregnancy and chronic pelvic pain [13,14]. It also causes increased risks of HIV 
transmission and acquisition [1,6,15], eye and lung disease in newborn infants [16,17], and 
epididymo-orchitis in men [9]. In some cases, C. trachomatis may also cause pneumonia in 
adult immunocompromised and HIV positive hosts [18,19]. 

Syphilis
Syphilis is a genital ulcerative disease that is caused by Gram-negative bacteria, 

Treponema pallidum, and is categorized into primary, secondary, and tertiary stages. 
Syphilis causes signifi cant complications if untreated and facilitates the transmission 
and acquisition of HIV infection [2,4]. Many individuals with early syphilis are either truly 
asymptomatic or undiagnosed; in the absence of diagnosis and treatment, approximately 
one-third of individuals will progress to neurological complications, visual and hearing 
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STIs are now shown in young population, sex education in school can help prevent such 
infections. According to a WHO report, a large majority of school-based sex education 
and HIV education interventions reduced the number of reported risky sexual behaviors 
in developing countries [31]. Furthermore, comprehensive mass media, such as radio, 
television, etc. are also valuable in teaching young population about appropriate sexual 
behavior and preventive measures [32]. 

Emerging scientifi c interventions
Historically, STDs and STIs have been managed through various behavioral interventions 

methods mentioned above. With the new advances in science, however, we have developed 
several potential emerging technologies, including microbicides and prophylactic vaccines 
to fi ght against some STIs. The vaccine against hepatitis B and Human Papillomavirus 
(HPV) are currently available and are recommended by the U.S. Centers for Disease Control 
and Prevention. However, many research efforts are underway to develop vaccines against 
other bacterial and viral pathogens, such as N. gonorrhea, C. trachomatis, herpes simplex 
virus (HSV), and HIV [33,34]. 

The development of effective STI vaccines has been particularly diffi cult because STI 
pathogenesis generally does not involve hematogenous spread of the organism similar 
to those for measles and hepatitis B virus. The pathogenesis of most STIs involves local 
replication with spread, when it occurs, along contiguous surfaces (e.g., spread from the 
vagina to the uterus and fallopian tubes) or by non-hematogenous routes (e.g., intraneuronal 
spread of HSV) [35]. Traditionally, vaccines have not been very effective at providing durable 
protection against mucosal infection. New advances in immunology, however, may overcome 
this hurdle and develop more effective vaccines against such infections and reduce their 
occurrence. Due to high health and economic costs of these STIs, development of such 
vaccines will be a valuable source in prevention and controls of such infections and diseases. 
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to a higher incidence of life-threatening CNS infections, but also widens the spectrum of 
infectious etiologies they can acquire [3,4]. It is of utmost prominence that these infections 
are recognized and treated early with appropriate antimicrobial agents.

Etiology
The spectrums of infectious etiologies associated with CNS infections in 

immunocompromised patients are vast (Table 1). Despite extensive diagnostic testing and 
advancements in microbiologic modalities to obtain a microorganism(s), 32%-75% cases do 
not reveal the etiology and are considered idiopathic [1,4].

Epidemiology
CNS infections are a major global cause of morbidity and mortality. The World Health 

Organization (WHO) reported an estimated worldwide incidence of 700,000 cases of 
meningitis in 2004 with approximately 340,000 related deaths [5]. In the United States 
(US), estimated deaths related to meningitis were approximately 13,000/year. The most 
common (58%) cause of bacterial meningitis in the US is Streptococcus pneumoniae [5,6]. 
Despite appropriate antibiotic therapy, the mortality rate for bacterial meningitis remains 
between 16-26% [5,6]. The incidence of bacterial meningitis over last 2 decades has declined 
[6-8]. (Table 2) Age is an important risk factor regardless of the immune status. While 
pneumococcal meningitis is common in all age groups, Listeria is more commonly seen 
in the elderly (>50 years of age) [5,8]. Exposure to heavily populated areas such as Saudi 
Arabia during the time of Hajj can increase the risk of meningitis [9,10]. Immigration from 
Latin America is associated with Taenia solium related brain abscesses. Residence in India 
has been associated with acquisition of tuberculomas [1,6]. Immunosuppressive disorders 
are a major risk factor in the development of focal CNS infections such as brain abscess due 
to Nocardia, fungal organisms (Aspergillus, Mucor, Cryptococcus, Candida) and parasites 
(Toxoplasma). The incidence of focal bacterial brain abscesses in the US is approximately 
0.3-1.3 /100,000 persons/year [5,8].

Predisposing Factors
Common predisposing factors associated with bacterial meningitis include human 

Meningitis

Bacterial

Encapsulated organisms: Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus 
infl uenza

Non-capsulated organisms: Listeria monocytogenes, Streptococcus agalactiae
Aerobic gram-negative organisms: Klebsiella spp., Escherichia coli, Serratia marcescens, 

Pseudomonas aeruginosa, Acinetobacter baumannii, Salmonella spp.
Other bacterial organisms: Mycobacteria tuberculosis, Treponema pallidum and Borrelia burgdoferi

Viral
Enterovirus, Herpesviruses (Varicella-zoster virus (VZV), Herpes simplex virus (HSV), 

Cytomegalovirus (CMV), Ebstein-Barr virus (EBV), Human herpesvirus-6), acute HIV, Arbovirus, 
Lymphocytic choriomeningitis virus (LCM), Rabies, Infl uenzae

Fungal Cryptococcus neoformans, Coccidioides immitis.
Parasitic Naegleria fowleri, Angiostrongylus catonensis

Encephalitis

Bacterial Listeria monocytogens, Rickettsia spp., Ehrlichia spp., Bartonella spp., Mycoplasma pneumoniae

Viral HSV, CMV, VZV, Arboviruses (i.e. West Nile virus, eastern equine, St. Louis, California, Japanese 
encephalitis); HIV, Rabies virus, Enterovirus

Parasitic Toxoplasma gondii, Cryptococcus neoformans

Focal 
infections 
(abscess/ 
empyema)

Bacterial Streptococcus spp., Enterobacteriaceae, anaerobes, Staphylococci, Nocardia spp., 
Mycobacterium tuberculosis (tuberculoma)

Fungal Aspergillus spp., Candida spp., Mucor spp., Cryptococcus neoformans, Coccidioides immitis
Parasitic Taenia solium (neurocysticercosis), Toxoplasma gondii, Echinococcus spp.

Septic throm-
bophlebitis Bacterial Staphylococcus (60-70%), Streptococcus (~17%, of which approximately 5% are S. 

pneumococcus), gram-negative bacilli (5%), Bacteriodes spp.

Table 1: Etiologic Organisms Associated With Central Nervous System Infections in Immunocompromised Hosts.
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to additional CNS infections [12]. In patients with CD4 counts over 200 cells per cubic 
millimeter of blood, the most common cause of bacterial meningitis is the same agent 
responsible for bacterial meningitis in patients with a normal immune status (Streptococcus 
pneumoniae) [12]. Risk factors associated with HIV infection include intravenous drug use, 
which places this group at risk for acquiring epidural and/or other brain abscesses [3]. 
AIDS (CD4 count <200 cells/ml) patients are at a higher risk of acquiring cryptococcal 
infection and toxoplasmosis than those with normal immunity [3,12]. While disseminated 
cryptococcosis usually presents as meningitis, it can also present as focal infection 
(cryptococcoma). Toxoplasmosis is the most common cause of ring-enhancing single or 
multiple lesions in this subset of patients [3,12]. In HIV patients, regardless of the CD4 
counts, living in Mycobacterium tuberculosis (TB)-endemic areas, extra-pulmonary TB 
including tuberculous meningitis and tuberculoma are seen more often [3]. When the 
CD4 count falls below 50 cells/ml, AIDS patients are at a higher risk of developing CMV 
encephalitis and progressive multifocal leucoencephalopathy (PML) from JC virus [12]. Cases 
of endemic fungus as Histoplasma or fi lamentous fungus such as Aspergillus presenting as 
a focal brain infection are rarely reported with decreased immunity from AIDS [3]. 

Diagnostic Approach 
The clinical suspicion of meningitis should be followed by prompt action toward diagnosis 

and management, as a delay will increase the mortality and morbidity [13]. Lumbar puncture 
is an effective tool in diagnosing meningitis regardless of the immune status. Computed 
tomography (CT) of head is recommended prior to lumbar puncture in immunocompromised 
states, history of seizure or cranial diseases (i.e. mass, cerebrovascular accident), acute 
focal neurologic defi cits or papillaedema [3,14]. Cerebro-spinal fl uid (CSF) analysis should 
include cell count with differential; glucose concentration (with concurrent serum glucose 
concentration), protein level, and bacterial culture with gram stain [15]. Depending on the 
special clinical indication, other tests include viral cultures and polymerase chain reaction 
(PCR) as for HSV, EBV, VZV, Enterovirus, fungal cultures, acid-fast bacilli smears and 
cultures, venereal disease research laboratory (VDRL), serum and CSF cryptococcal antibody, 
cytology and fl ow cytometry. For West Nile virus encephalitis, CSF viral immunoglobulin M 
is the recommended diagnostic modality [14-16]. Latex agglutination is a rapid, simple test 
with sensitivities of 67-100% to S. pneumoniae, 50-93% to N. meningitidis, 69-100% to S. 
agalactiae, and 78-100% to H. infl uenzae antigens [15]. It serves useful in patients who have 
been treated with antibiotics prior to getting a lumbar puncture. Magnetic resonance imaging 
(MRI) and magnetic resonance angiography (MRA) are instrumental tools in diagnosing 
focal infections such as brain abscess, subdural empyema and infectious thrombophlebitis. 
Biopsy or aspiration via stereotactic guidance is needed for microbial diagnosis. In ring-
enhancing focal lesions, empirical therapy for toxoplasmosis is recommended. Follow-up 
imaging is recommended after two weeks of therapy to assess for resolution or reduction in 
the lesion size, further supporting the diagnosis of toxoplasmosis rather than malignancy 
and/or abscess. 

Management
Many of the CNS infections, including acute bacterial meningitis, are considered medical 

emergencies that necessitate emergent empiric antibiotics. Delay in sterilization of CSF can 
result in neurological sequel, including deafness [17,18]. The choice of appropriate empiric 
antibiotics for bacterial meningitis depends on age and predisposing conditions. (Table 4) 
Other important factors include the rapidity, effi ciency and effectiveness of penetrating the 
CSF barrier to eradicate the meningeal pathogens [2]. Once the organism is identifi ed, the 
antibiotics can be tailored based on the in-vitro susceptibility reports, minimal inhibitory 
concentration (MIC) and up-to-date evidence-based literature. 

For patients suspected to have encephalitis, empirical therapy for herpes encephalitis 
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number of mast cells and macrophages whose primary role is to phagocytose incoming 
pathogens. The skin has low moisture content and acidic pH (5.5). It produces sebum 
which is rich in the degradative enzyme lysozyme all of which afford a hostile environment 
for microbial growth [2]. Sebaceous glands secrete the sebum but are themselves prone 
to infection. Their shaft-like shape makes them prone to accumulating both bacteria 
and other debris that can result in localised irritation. Humoral immune responses to 
microorganisms that have penetrated the skin are rapid due to its extensive vasculature, 
and such responses rely on antigen presentation by the Langerhans cells. IgA and IgG are 
the major immunoglobulins that mediate this response and are produced by eccrine cells 
on the surface of the skin. Small antimicrobial peptides called defensins are secreted by 
the keratinocytes and contribute to innate immunity by non-specifi cally embedding into 
the surface of microorganisms, mediating lysis by the effl ux of cellular constituents and 
simultaneous infl ux of extracellular material [3]. Keratinocytes are also known to secrete 
numerous cytokines that mediate an infl ammatory response to infection. However, it should 
be noted that in the healthy host skin infections are less uncommon and usually seen 
following trauma.

Human Skin Microbiota
Despite the seemingly hostile environment, numerous microorganisms successfully 

colonise the skin and form part of the commensal microbiota. The human microbiome 
project has revealed a diverse ecosystem that is associated with human skin. It is widely 
accepted that these so called normal inhabitants are not only especially adapted to their 
environment but also offer protection against colonisation by exogenous microorganisms 
[4,5]. In addition to protection offered by the immune system, the resident microbiota is 
thought to contribute to defence against infection and experimental evidence has shown that 
removal of the indigenous microbiota results in proliferation of species that are ordinarily 
suppressed [6]. Within the microbial community competition for space and nutrients is rife 
and most microorganisms are especially well adapted to their particular niche meaning that 
newcomers can fi nd it diffi cult to colonise, which is one of the reasons why most pathogens 
form only part of the transient microbiota. Numerous members of the skin microbiota secrete 
inhibitory substances that prevent the growth of other microorganisms; these include 
bacteriocins, peptides and antibiotics [4]. While in evolutionary terms these substances are 
produced purely for the benefi t of the microorganism, they provide additional protection to 
the human host and as such the indigenous microbiota is becoming recognised being an 
important protective mechanism against infection.

The skin microbiota exists in specifi c niches infl uenced by localised skin temperature and 
humidity. Warmer areas of the skin support the growth of higher numbers of microorganisms 
and include areas such as the groin and axillae. Sweat is an excellent source of nutrients 
for microorganisms, consisting of amino acids, minerals and water which further promote 
the growth of microorganisms. Since sweat is generally produced in greater abundance on 
warmer areas of the body, this explains the higher abundance and a more diverse range of 
microorganisms are found at these sites. Principally, microorganisms of the skin are divided 
into two groups, the resident and transient microbiota. The former are irreversibly attached 
to the keratinocytes whereas the latter rarely grow on the skin and are lost following a 
relatively short period of time.

The most abundant group of bacteria associated with the skin are Gram-positive and include 
the following genera: Staphylococcus, Micrococcus, Corynebacterium, Propionibacterium and 
Brevibacterium. Less abundant Gram negative microorganisms include Acinetobacter and 
Pseudomonas. These microorganisms tend to form microcolonies or biofi lms comprised of 
multiple species on the surface of the skin. Over the course of an individual’s life the skin 
microbiota changes, in the very young the predominant microbiota tend to be Gram negative 
microorganisms or coryneforms or micrococci. The distribution of microorganisms is quite 
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Acinetobacter: Bacteria of this genus are members of the gamma-proteobacteria, and 
the precise designation of these microorganisms has changed considerably since their fi rst 
discovery as part of the human skin microbiota in the early 1960s. Acinetobacter spp is largely 
regarded as being part of the commensal microbiota and are most commonly found on the 
hands, face, in between the toes and in the groin. Despite their designation as commensal 
microorganisms, Acinetobacter baumanii has emerged as an opportunistic pathogen capable 
of causing serious and life threatening infection [14,15]. It is a greater cause for concern for 
immunocompromised individuals and is a key source of nosocomial infection, especially in 
intensive care units. It can enter the body through open wounds, catheters and respiratory 
ventilators resulting in wound infection, bloodstream infection and pneumonia (ventilator 
pneumonia). Numerous reports of A. baumanii infection in veterans return from Iraq have 
earned this microorganism the nickname of “Iraqibacter”. Interestingly A. baumanii has 
been isolated from wounds where it had successfully colonised but failed to cause infection.

Corynebacterium: Otherwise known as coryneforms or diphtheroids, this group 
consists of any non-pathogenic strain of the genus Corynebacterium. These commensal 
microorganisms are typically found associated with the sebaceous glands and are recognised 
as opportunistic pathogens in the immunocompromised or those with underlying medical 
conditions. Erythrasma caused by C. minutissimum is often seen in diabetics, the pathology 
of infection manifestation often means that it is confused with fungal infection. Pitted 
keratolysis is a superfi cial skin infection that commonly affects the feet and is restricted 
to the stratum corneum [16]. Infection is associated with wearing occlusive footwear and 
warm, moist conditions. Rare extra-pulmonary infection by C. ulcerans mimics cutaneous 
diphtheria and can result in ulceration of the skin ultimately causing a wound infection that 
is diffi cult to treat [17].

Pseudomonas aeruginosa: P. aeruginosa is an opportunistic pathogen that does not 
ordinarily colonise the skin of healthy individuals. Burn wound patients are especially 
predisposed to wound infection by P. aeruginosa which is notoriously diffi cult to treat; 
infection remains one of the main causes of death amongst burn patients [18]. Infection can 
also be acquired as a consequence of skin trauma, post-operatively, following skin-grafts 
or from hot tubs (cutaneous folliculitis). Once P. aeruginosa infections are established they 
often become chronic, a state that is associated with bacterial biofi lms. It adheres strongly 
to numerous human tissue proteins that are associated with the wound bed, including 
collagen and fi brinogen; multidrug resistant variants are especially diffi cult to treat.

Candida: Candida spp., typically Candida albicans can grow on moist areas of the skin 
such as the groin or armpits. It is a yeast-like dimorphic fungus that is found as a transient 
member of the skin microbiota. C. albicans is considered to be a commensal microorganism, 
but is an opportunistic pathogen in the immunocompromised. Its pathogenicity is thought 
to be linked to a phenotypic ‘switch’ [19]. Candidiasis is a superfi cial infection of the skin 
and mucous membranes resulting in rashes, scaling, itching and swelling. People who are 
taking long courses of systemic antibiotics are also predisposed to candidiasis as the normal 
bacterial microbiota is disrupted allowing C. albicans to fl ourish.

Dermatophytes: These comprise a large group of fungi that can infect and degrade 
keratinised tissues such as the skin, more usually these organisms are regarded as being 
pathogens and like many other infectious agents, tend to form only part of the transient 
microbiota of the skin. The three main genera of this group include Epidermophyton, 
Microsporum and Trichophyton [20]. Dermatopytoses is commonly accompanied by localised 
blistering of the skin, with exudate if the blisters are broken. As the blisters dry they form a 
dry ring like lesion on the surface of the skin. Infection often remains localised and is rarely 
systemic due to the infl ammatory response of the immune system. 
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surgeons are now beginning to look towards greater use of antiseptics to diminish reliance 
on antibiotics.

Neurotrophic ulcers
Approximately 15% of diabetics will develop a neurotrophic ulcer in their lifetime and 

these are susceptible to infection. As is the case for open fractures, these ulcers have an 
associated bacterial load, but this does not always result in infection. However, the presence 
of a bacterial load can hinder the proper reparative process, thus prolonging the time it 
takes for the ulcer to heal [27]. Most usually, bacteria isolated from neurotrophic ulcers 
are comprised of members of the normal skin fl ora and when the bacterial load is high, a 
chronic wound can emerge. Chronic wounds have been associated with the prevalence of 
bacterial biofi lms and often respond poorly to treatment, recurring throughout the course 
of the patients’ life. 

Polymicrobial infection
The idea that a bacterial infection is caused by just one microorganism at a time is 

beginning to be replaced as a consequence of better understanding of microbial community 
and co-infection; it is now generally accepted that skin and soft tissue infections can be 
polymicrobial in nature [28]. It has become especially apparent that chronic wounds in 
particular contain complex polymicrobial communities that demonstrate an average of 
three different species of bacteria, the most commonly isolated being Pseudomonas spp., 
Streptococcus spp and Staphylococcus spp. In the past polymicrobial infections have been 
largely overlooked, mainly due to the limitation of culture techniques. In particular biofi lms 
tend to be comprised of multiple species of bacteria and are themselves inherently diffi cult 
to treat, the added complication of needing to eradicate multiple species of bacteria can 
make polymicrobial infections especially diffi cult to resolve. Molecular techniques that 
rely on peptide nucleic acid fl uorescence in situ hybridisation (PNA FISH) have enabled 
polymicrobial biofi lm communities that are associated with chronic wounds to be studied 
[29]. These have confi rmed the predominance of Pseudomonas spp., Streptococcus spp and 
Staphylococcus spp. as well as Micrococcus spp. and have revealed clustering of each species 
within the biofi lm.

Colonisation of wounds by bacteria
As previously stated wounds can become contaminated by both exogenous or endogenous 

microorganisms and potential wound pathogens are numerous including β-haemolytic 
Streptococci (group A and group G Streptococci), enterococci (Enterococcus faecalis and 
E. faecum), Staphylococci (S. aureus including MRSA; S. epidermidis), P. aeruginosa, 
Acinetobacter spp., Enterobacter spp., E. coli, Klebsiella spp., Proteus spp., Bacteroides 
spp., Clostridium spp., Candida spp. and Aspergillus spp. Different bacterial species have 
different fates within the wound, depending upon the location and type of wound. If the 
environment is not right and the immune system is not successfully evaded colonisation 
will only be transient and infection will not ensue. If a potential pathogen is successful it will 
grow and multiply within the wound eventually invading the underlying tissues, leading to a 
state of acute infection. To achieve the latter, the pathogen must not only evade the immune 
defences but also utilise the nutrients available at the wound site.

Wound colonisation and progression towards wound infection has been described as a 
spectrum that begins with initial contamination and proceeds to a state of critical colonisation 
after which the only outcome is infection [30]. Wounds with high microbial loads are most 
prone to infection when the bacterial loads exceeding 105 cfu g-2 [31,32] In 2001, this 
process was defi ned by Kingsley as the ‘Infection Continuum’ and described the shift from 
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and episodes are generally not recurrent. In severe cases scalded skin syndrome can lead to 
deeper skin infections such as cellulitis and occasionally septicaemia.

Toxic shock syndrome (TSS) associated with wound infection is primarily seen in young 
children with burn injuries and post-surgery may be caused by S. aureus or S. pyogenes. 
Symptoms manifest as vomiting, high fever, hypotension, erythema, confusion, renal failure 
and in severe cases shock and death. Toxigenic strains of S. aureus belong to phage group 
I and produce an exfoliative toxin known as enterotoxin F or toxic shock toxin-1 (TST-
1). S. pyogenes TSS is associated with persons who have pre-existing skin infections as 
a consequence of this microorganism and there is a rapid onset of symptoms (described 
above) [37]. Streptococcal exotoxins A and B may mediate progression to fever and shock as 
they stimulate release of tumour necrosis factor-α in the host. Additionally it is thought that 
pyrogenic toxin (exotoxin C) or M proteins 1 and 3 might act as superantigens to mediate a 
severe immune reaction to infection.

Anaerobic wound infection
Anaerobic wound infections occur usually as a consequence of a traumatic wound (i.e. a 

puncture wound or as a SSI following bowel surgery). The major causes of such infections are 
the Clostridium spp. in particular Clostridium perfringens which is found ordinarily as part 
of the human intestinal microbiota and also in soil. The most serious and widely recognised 
soft tissue infection caused by C. perfringens is clostridial myonecrosis, otherwise known 
as gas gangrene [38]. Deep tissue traumas mean that the muscle becomes infected, and 
there is a limited supply of oxygen away from the surface of the skin, favouring the growth 
of anaerobes. Gas gangrene results in the extensive destruction of deep tissues leading to a 
localised blackening of the skin and soft tissue as they become necrotic; in addition to this 
C. perfringens produces a foul smelling gas that forms blisters under the skin. However, 
this is mostly seen where there are underlying conditions such as ischemic vascular disease 
or diabetes where vascularisation of tissues is sub-optimal. A less serious skin infection 
caused by C. perfringens is anaerobic cellulitis and does not involve the deeper tissues or 
muscle.

The Role of Biofi lms in Skin and Soft Tissue Infection
It is now accepted that many microorganisms exist in nature as part of a complex 

community known as a biofi lm. These exist on surfaces including the skin, and can be 
problematic in wounds. Bacteria in biofi lms are embedded in an extracellular polysaccharide 
‘matrix’ material that is secreted by members of the biofi lm and which provides a protective 
layer that antibiotics or other types of antimicrobial cannot permeate. The presence of 
biofi lms in wounds has been associated with chronicity and a failure to heal, but isolating 
biofi lm microorganisms or indeed establishing the presence of a biofi lm in the diagnostic lab 
is diffi cult. Often biofi lms are polymicrobial in nature so as well as requiring much higher 
doses of antibiotics for treatment, also require broad-spectrum or combination therapies to 
successfully clear them.

Development of biofi lms
Irrespective of the composition or location development of a bacterial biofi lm proceeds 

through fi ve distinct stages. The fi rst of these is transient or reversible attachment to a given 
surface. This process is mediated by surface structures such as pili, and in the case of the 
human host might involve adhesion to proteins such as fi bronectin or fi brinogen which 
are often found at wound sites or on the surface of keratinocytes [39]. During the second 
stage of biofi lm development microorganisms become irreversibly attached and if motile, 
lose their fl agellae; during this stage these so called pioneer colonisers begin to secrete the 
stick exopolysaccharide material. Pioneer colonisers begin to multiply and in doing so they 
provide additional binding sites for any new incoming microorganisms and microcolonies 
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microbiota such as E. coli and Klebsiella. The major reservoirs for these bacteria are 
colonised patients, healthcare workers and possibly the inanimate environment; routes 
of infection are the consequence of poor hand hygiene, or in some cases introduction of 
host microbiota to surgical sites following abdominal surgery. Data to support the spread 
of contamination and subsequent infection from the inanimate environment to patients 
remains poor. However both S. aureus and P. aeruginosa have been isolated from patient 
mattresses, and MRSA has been isolated from mops as well as gloves and gowns of health 
workers where they can remain viable for up to nine weeks [44].

Summary
Skin and soft tissue infections are commonplace in both the community and healthcare setting. They can be caused by 

numerous different microorganisms both of prokaryotic and eukaryotic origin and symptoms may vary from the superfi cial to life-
threatening. The human microbiota is a signifi cant cause of many skin and soft tissue infections and these types of infection are 
best prevented by good hygiene practice. While most skin and soft tissue infections are treatable with antibiotics those that lead 
to sepsis or severe tissue necrosis and systemic disease are associated with signifi cant levels of morbidity and mortality. Infection 
rates have remain relatively constant, peaking in the warmer seasons and the major problem now facing microbiologists and 
clinicians is the emergence of antibiotics resistant pathogens that hinder treatment and recovery from infection.
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Abstract
Sepsis, severe sepsis and septic shock are major healthcare problems. Immunocompromised 

hosts are particularly more prone to infections. Though the initial management of severe 
sepsis and septic shock may not be greatly affected by the immune status, the spectrums 
of opportunistic offending infectious causes are greater. We present the etiologies, clinical 
manifestations, diagnostic criteria, microbiology and treatment options for severe sepsis in 
immunocompromised hosts. 

Keywords: Sepsis; Septic shock; Immunocompromised; Critical care; Infections

Introduction
Sepsis is a life-threatening systemic host response to an infectious agent, which may 

consequentially lead to acute organ dysfunction (termed “severe sepsis”) and hemodynamic 
instability (termed “septic shock”). Severe sepsis and septic shock are becoming increasingly 
prevalent, deleterious and fi nancially burdensome. Severe sepsis is reported in 2.26 cases 
per 100 hospital discharges, 1 in 5 intensive care unit (ICU) admissions with a mortality 
rate between 28.6-50% [1,2]. Rapid initiation of aggressive care should begin as soon as 
sepsis is suspected, with subsequent management in an intensive care unit (ICU) setting 
as soon as possible. Immunodefi ciency is state in which the host immune system is 
compromised to various degrees of severity. A primary immunodefi ciency is a congenital 
immune system malfunction. A secondary immunodefi ciency is acquired via medications 
(immunosuppressants, glucocorticoids), malnutrition, aging, malignancy and/or chronic 
infection such as human immunodefi ciency virus (HIV). The spectrum of potential pathogens 
known to cause infections in immunocompromised patients has grown as a result of 
amplifi ed immunosupppression, extended lifetime survival and enhanced diagnostic 
assays. Though the immunocompromised state  may not mandate signifi cant differences 
in the management of the physiologic and hemodynamic derangements of severe sepsis or 
septic shock (i.e. fl uid resuscitation, vasopressors, mechanical ventilation), it does require 
consideration in regards to antibacterial, antiviral and  antifungal therapy. This chapter 
will describe the etiologies, clinical manifestations, diagnostic criteria, microbiology and 
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VII. Parasitic – Toxoplasma, Strongyloides

Management of Sepsis: Initial Resuscitation
In order to achieve the most optimal outcome, adequate resuscitation of blood pressure 

as well as efforts to restore tissue perfusion should be accomplished within the fi rst 6 hours 
of presentation. Fluid resuscitation can be guided by central venous pressure measurement 
to a goal between 8-15 mmHg, ultrasonographic visualization of inferior vena cava fi lling 
or pulse-pressure variation. The adequately resuscitated patient will have a mean arterial 
pressure >65 mmHg, urine output is greater than 0.5 mL/kg/hr, central or mixed venous 
oxygenation saturation of  70% or 65%, respectively, and/or normalization of plasma lactate 
levels[3].

Management of sepsis: Infectious work-up in all septic patients 
The most important consideration in the treatment of sepsis is aggressive and timely 

efforts to identify and control of the source of infection. Therapy should be implemented 
without delay. If the delay of microbiologic culture(s) acquisition is ≤ 45 minutes, cultures 
should be taken as clinically appropriate before antimicrobial therapy is initiated. At least 
two sets of aerobic and anaerobic blood cultures should be obtained. If a vascular access 
device was placed >48hours from presentation, blood cultures should be obtained from at 
least 1 percutaneous and 1 through each vascular access device [3]. If invasive candidiasis 
is suspected, use of 1,3 beta-D-glucan assay or mannan and anti-mannan antibody assays 
may be used. Imaging studies should be performed promptly to help identify the potential 
source of infection. 

Management of sepsis: Infectious work-up in immunocompromised septic 
patients

In addition to the infectious workup described 4.1, patients with immunocompromised 
states should have additional diagnostic tests considered. Healthcare providers should also 
keep in mind that multiple simultaneous infectious processes may occur concomitantly. 
Invasive procedures such as bronchoscopy with biopsy are often necessary to establish 
a microbiologic diagnosis. Blood cultures may also be sent for fungus and acid-fast 
bacilli. Special antimicrobial susceptibility testing, including immunohistology and 
quantitative molecular assays, are often needed to establish a diagnosis. Serologic testing 
may demonstrate immunoglobulin-G antibodies consistent with prior exposure (i.e. 
Strongyloides, Toxoplasma). A tuberculin skin test response greater than 5 mm is considered 
positive in intensively immunocompromised patients. Opportunistic infections should be 
suspected in patients not receiving prophylaxis (i.e. Pneumocystis, Mycobacterium avium 
intracellular, CMV). Seasonal epidemiology may help in diagnosing potential viral etiologies 
(i.e. November-April=infl uenza, respiratory syncytial virus, human metapneumovirus; Fall 
and Spring=rhinovirus).

Antimicrobial Therapy in All Septic Patients 
Effective, appropriate parenteral antimicrobials should be given within the fi rst hour of 

recognition of severe sepsis or septic shock. Empiric therapy typically includes more than 
one drug against potential pathogens. Two gram-negative agents (i.e. extended spectrum 
beta-lactam and either an aminoglycoside or fl uoroquinolone) may be used empirically in 
order to increase the likelihood of treating multidrug-resistant bacteria (i.e. Pseudomonas, 
Acinetobacter). A combination of beta-lactam and macrolide may be used in patients with 
septic shock from bacteremic Streptococcus pneumonia infections. Antimicrobial therapy 
should be reassessed daily for potential de-escalation in order to reduce healthcare cost, 
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drug-interactions with HAART (i.e. non-nucleoside reverse transcriptase inhibitors 
interacting with azoles and macrolides). Although the surviving sepsis campaign discusses 
the use of corticosteroids and recombinant human activated protein C, though no longer 
commercially available, in critically ill patients, HIV-infected patients with CD4 counts ≤ 50 
cells/μL were excluded from their randomized controlled trials. 

Special considerations: Stem cell transplant
The use of hematopoietic stem cell transplant (HSCT), whether allogenic or autologous, 

is increasing annually. The subsequent secondary immunodefi ciency can cause a variety of 
infectious and non-infectious complications that may require ICU care. The post-transplant 
period is divided into three phases, each of which can cause unique complications much 
different from other immunodefi ciencies: pre-engraftment (onset of conditioning therapy to 
30 days), early post-engraftment (30-100 days) and late post-engraftment (>100 days) [12]. 
The pre-engraftment period includes neutropenia and mucositis, leading to dehydration from 
poor oral intake, airway compromise and gastrointestinal bleeding. Bacterial infections are 
common during this time of profound neutropenia and lymphopenia. Despite prophylactic 
therapy, 5-55% of HSCT recipients still require intensive care [13]. Opportunistic infections 
include gram-positive bacteremia (20-30%), facultative gram-negative bacteria (5-
10%), herpes simplex virus (5-9%), Candida spp. (<5%) and Aspergillus spp. (<5%) [14]. 
Opportunistic infections in the early and late post-engraftment phase include CMV, BK 
virus, adenovirus, varicella zoster, late aspergillosis, PCP, toxoplasmosis, strongyloidiasis 
and cryptosporidiosis. Acute graft-versus-host disease may also be diffi cult to distinguish 
from an active infection. 

Hemodynamic compromise secondary to sepsis with respiratory failure is the most 
common reason for intensive care, with >47% of patients requiring vasopressor support [12]. 
Although shock may be secondary to sepsis, hemodynamic instability may also result from 
hypovolemia secondary to dehydration or gastrointestinal bleeding secondary to mucositis. 
Hemodynamic instability is also complicated by multi-organ failure in 22-81% and death 
in 65% of HSCT recipients in ICU care. Bronchoscopy may provide the only conclusive 
result in the majority of the patients [15]. Other diagnostic modalities include blood and 
sputum cultures, Aspergillus serology, induced sputum or bronchioalveolar lavage for PCP, 
Legionella and Streptococcus pneumonia urinary antigens and CMV circulating antigen or 
polymerase-chain reaction. Additional diagnostic tests should be considered depending on 
epidemiology, co-morbidities and prognostic/risk factors. Like HIV, clinical trials for the 
International Surviving Sepsis Campaign excluded HSCT recipients and caution should be 
advised when applying such recommendations in these patients [3]. Expert consultation 
from Infectious Diseases and Surgical/Medical Oncology is strongly advised. 

Special considerations: Solid organ transplant

Over 28,000 solid organ transplantations (SOT) are performed yearly in the United States 
[14]. Transplant recipients are not equally susceptible to all pathogens that normal hosts 
may acquire (i.e. enterovirus do not typically infect SOT recipients as they do in normal 
hosts, tuberculosis is rarely encountered at most transplantation centers in developing 
countries). Infections are most common and most diverse during the fi rst 6-9 months of 
transplantation due to graft rejection, nosocomial infections and/or immunosuppressive 
drugs [16]. Factors that contribute to infection after SOT include pre-transplantation host 
factors (co-morbidities, medications, lack of immunity, prior colonization, effective pre-
transplantation screening), transplantation factors (type of SOT, time spent in surgery, 
surgical complications), immunosuppression and allograft reactions (graft-versus-host or 



65

Infectious Diseases and Critical Care on Antimicrobial Utilization and Patient Outcome. Crit Care Med In press. 

8. Hartung HP, Mouthon L, Ahmed R, Jordan S, Laupland KB, et al. (2009) Clinical applications of intravenous 
immunoglobulins (IVIg) – beyond immunodefi ciencies and neurology. Clin Exp Immunol 158: 23-33.

9. Iwashyna TJ, Ely EW, Smith DM, Langa KM (2010) Long-term cognitive impairment and functional disability 
among survivors of severe sepsis. JAMA 204: 1787-1794. 

10. Vincent B, Timsit JF, Auburtin M, Schortgen F, Bouadma L, et al. (2004) Characteristics and outcomes of 
HIV-infected patients in the ICU: impact of highly active antiretroviral treatment era. Intensive Care Med 30: 
859-866.

11. Gill JK, Greene L, Miller R, Pozniak A, Cartledge J, et al. (1999) ICU admission in patients infected with the 
human immunodefi ciency virus – a multicentre survey. Anaethesia 54: 727-32.

12. Affesa B, Azoulay E (2010) Critical Care of Hematopoietic StemCell Transplant Recipient. Crit Care Clin 26: 
133-150. 

13. Kew AK, Couban S, Patrick W, Thompson K, White D (2006) Outcome of hematopoeitc stem cell transplant 
recipients admitted to the intensive care unit. Biol Blood Marrow Transplant 12: 301-305.

14. Young JH, Weisdorf DJ (2010) Infections in Recipients of Hematopoeitc Cell Transplantation. Mandell, 
Doughlas, and Bennett’s Principles and Practice of Infectious Diseases. (7thedn), Elsevier, Philidelphia, USA.  

15. Azoulay E, Mokart D, Rabbat A, Pene F, Kouatchet A, et al. (2008) Diagnostic bronchoscopy in hematology 
and oncology patients with acute respiratory failure: prospective multicenter data. Crit Care med 36: 100-107.

16. Fisherman JA (2007) Infection in solid-organ transplant recipients. N Engl J Med 357: 2601-2614.

17. http://www.cdc.gov/nchs/data/databriefs/db62.pdf

18. http://www.cdc.gov/nchs/data/nvsr/nvsr58/nvsr58_19.pdf

19. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, et al. (1992) Defi nitions for sepsis and organ failure and 
guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee. 
American College of Chest Physicians/Society of Critical Care Medicine. Chest 101: 1664-1655.

20. Edbrooke DL, Hibbert CL, Kingsley JM, Smith S, Bright NM, et al. (1999) The patient-related costs of care for 
sepsis patients in the United Kingdom adult general intensive care unit. Crit Care Med 27: 1760-1767. 

21. Rosen MJ, Clayton K, Schneider RF, Fulkerson W, Rao AV, et al. (1997) Intensive care of patients with HIV 
infection: utilization, critical illness and outcomes. Pulmonary Complications of HIV Infection Study Group. Am 
J Respir Crit Care Med 155: 67-71.



67

with minimal mortality and substantial residual morbidity [7,10]. However in the era of 
globalization and international tourism, brucellosis has become a common imported disease 
in the developed world [7,9].

Landmarks in The History of Brucellosis
In the year 1853, Jeffery Allen Marston made the fi rst accurate description of the 

disease in British army troops serving in Malta during the Crimean war [1]. In 1887, David 
Bruce isolated Gram negative coccobacilli, named later Brucella melitensis (B. melitensis), 
from spleens of fatal cases. In 1895, Bernard Bang isolated B. abortus from placental 
tissues of cattle. In 1897, M.L. Hughes published a review on the clinical and pathological 
features of the disease and suggested the name undulant fever (Table 1) [1-3]. In 1897, 
Wright and Semple succeeded in applying serum agglutination method for differentiating 
brucellosis from other febrile illnesses. In 1904, the Commission of Mediterranean Fever 
was established [1]. Between 1904 and 1907, several reports on epidemiology, bacteriology 
and pathology of brucellosis were published. In 1905, Themistocles Zammit identifi ed a 
Maltese goat as the animal host of brucellosis. In 1918, Alice Evans published data on 
the antigenic relatedness between B. melitensis and B. abortus. Subsequently, the genus 
was named Brucella to honor David Bruce. In 1924, human infection with B. abortus was 
documented by Orpen in the U.K. Similar studies on B. abortus were performed by Morales-
Otero in Puerto Rico [1]. In 1914, Jacob Traum isolated B. suis from an aborted swine fetus 
(Table 1) [1-3]. In 1909, Hutyra and Marek might have recovered the organism in Hungary 
[1]. In 1953, van Drimmelen made identifi cation of B. ovis in sheep. In 1957, Stoenner and 
Lackman identifi ed B. neotomae in rodents (Table 1) [2]. In 1964, Carmichael and Bruner 
identifi ed B. canis in the canines [1,2]. In 1994, Ewalt, Ross and colleagues identifi ed B. 
pinnediae and B. cetacear (provisionally) in Minke whales, dolphins, porpoises as well as 
seals (Table 1) [1,2]. In 1979, the WHO (world health organization) established a specialized 
program with a unit coordinating and managing activities (The Mediterranean Zoonoses 
Control Centre) operating from Athens in Greece [4]. In 1986, the WHO and FAO (food 
and agriculture organization) recommended treatment for acute brucellosis in adults with 
a combination regimen composed of rifampicin and doxycycline orally for 6 weeks [5-7]. 
In 2004, WHO/FAO/WOAH (world organization for animal health) joint consultation on 
emerging zoonotic diseases held in Geneva defi ned an emerging zoonosis as a pathogen 
that is newly recognized or newly evolved or that has occurred previously but shows an 
increase in incidence or expansion in geographical, host or vector range [8]. In November 
2006, a panel of international experts met in Ioannina in Greece and they made a number of 
therapeutic recommendations that included treatment of uncomplicated brucellosis using 
a combination of oral doxycycline for 6 weeks and parenteral streptomycin for 2 to 3 weeks 
or oral rifampicin for 6 weeks [7]. 

Species Biotype Animal Hosts First Description Human Virulence
B. melitensis 1-3 Goats, sheep and camels Bruce, 1887 High

B. abortus 1-6, 9 Cows, camels, yaks and 
buffalos Bang, 1897 Intermediate

B. suis 1-5 Pigs, wild hares, caribou, 
reindeer, wild rodents Traum, 1914 Low 

B. canis - Dogs Carmichael and Bruner, 
1968 Low

B. ovis - Sheep Van Drimmelen, 1953 None

B. neotomae - Rodents Stoenner and Lackman, 
1957 None

B. pinnipediae and
B. cetaceae (provisional) - Minke whales, dolphins, 

porpoises and seals Ewart and Ross 1994 None

Table 1: Basic Microbiological Details of Brucella Species.
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LPS O-side chains, while B. canis is a naturally occurring rough strain [21]. The severity 
of brucellosis is variable, ranging from lethal to subclinical in humans as in most cases 
Brucellae establish long-term parasitic relationships with their human hosts. Survival 
and replication of Brucellae in macrophages is critical for maintenance of such chronic 
infections [21]. Survival of Brucellae within monocytes is the single most important aspect 
of pathogenesis contributing to persistence of bacteria in host tissues [22].

Virulence of Brucella species depends on survival and replication properties in the host 
cells. Brucella has developed specifi c strategies to infl uence antigen presentation mediated 
by cells and an evolutionary stealthy strategy to escape recognition by the innate immunity. 
It has also modulated not only the adaptive immunity of the host but also the signaling 
events during host adaptive immune response [23]. Brucella modulates both (the innate 
and the adaptive) functional arms of the human immune system leading to T-cell anergy 
and chronic infection [24]. Brucella periplasmic cyclic β-1,2-glucan plays an important role 
during bacterium-host interaction [25]. Cyclic β-1,2-glucan must be transported into the 
periplasmic space to exert its action as a virulence factor [26]. However, cyclic β-1,2-glucan 
succinylation is not required for virulence and no low-osmotic stress conditions must be 
overcome during infection [25].

In the past decade, the mechanisms of Brucella pathogenesis and host protective 
immunity against Brucella infections have been extensively investigated using the cutting 
edge systems biology and bioinformatics approaches [27]. Integrative experimental Omics 
and computational bioinformatics analyses have dramatically advanced our understanding 
of how Brucella species infect different host species, how Brucella gene expressions are 
regulated in cell cultures or inside host cells and how host cells respond to Brucella 
infections [27]. Acquired immunity to brucellosis has been studied through observations 
of naturally infected hosts e.g. cattle and goats, mouse models and human infection. New 
systems biology analyses of antigens recognized by human innate responses in brucellosis 
have identifi ed large numbers of protein antigens with the potential of understanding 
mechanisms of pathogenesis and immune evasion and may point the way toward novel 
vaccines and diagnostic approaches [28].

CD80/CD28 costimulation enhances the interaction of antigen / major histocompatibility 
complex (MHC) and is critical for adequate induction and maintenance of the Th1 response 
[24,29]. In humans, brucellosis is characterized by an intense Th1cytokine production with 
strikingly high serum levels of interferon (IFN)-γ and evidence of defective monocyte function 
[30]. Although CD4 and CD8 cells are closely involved in the production of IFN-γ and despite 
that CD8 T cells may be cytotoxic, the role of natural killer (NK) cells and cytotoxicity in 
protective immunity to brucellosis have not been substantiated experimentally. Also, 
antibodies have been shown to have a limited role in passive transfer studies [31]. Although 
infected macrophages may persist in the presence of Brucella-specifi c T cells, CD8 T 
cells have been shown to have an important role in clearance of Brucellae following the 
peak of infection and may act by lysing chronically infected macrophages [32]. NK cells 
may be capable of modulating the development of Brucella infection in human beings by 
lysing infected host cells. Chronicity or elimination of Brucella infection depends upon the 
balance between the contradictory effects induced by the bacteria that favor either the 
host or the pathogen [31,33]. CD4 (+) invariant NK T cells have antibacterial activity and 
participate directly in the elimination of bacteria and/or in the control of bacterial growth 
by killing infected cells. These cells inhibit intramacrophagic growth of Brucellae by different 
mechanisms [34]. 

Human Vγ9Vδ2 T cells play a crucial role in the early immune response to intracellular 
pathogens. In brucellosis, these cells are drastically increased in the peripheral blood 
during the acute phase of infection. They are able to use a combination of mechanisms that 
reduce the total numbers of B. suis thus they may benefi t the host by limiting the spread 
of Brucella species [35]. Interleukin (IL)-37 is a soluble factor responsible for part of the 
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hypervariable octameric oligonucleotide fi nger-prints (HOOF-Prints) technique is highly 
discriminatory among Brucella species, among previously characterized Brucella strains 
and among unrelated fi eld isolates that cannot be differentiated by classical methods 
[55]. For human Brucella isolates, both MLVA and HOOF-Print assays are rapid, highly 
discriminatory and reproducible. They signifi cantly contribute to Brucella epidemiology and 
may advance surveillance and control of human brucellosis [55,56]. Also, mixed-assisted 
laser desorption/ionization time-of-fl ight mass spectrometry (MALDI-FOS-MS) is a rapid 
method for the analysis of biological samples. The accurate identifi cation of Brucella species 
can be achieved with MALDI-FOS-MS by constructing a Brucella reference library based on 
the genetic relationships according to MLVA data [57]. 

The Brucella bioinformatics portal (BBP) is a gateway for Brucella researchers to search, 
analyze and curate Brucella genome data originating from public databases and medical 
literature. Brucella gene mutations and genetic interactions are annotated using Limix 
leading to better understanding of Brucella pathogenesis [58]. The sequence database 
provides a powerful dataset for addressing ongoing controversies in Brucella taxonomy and 
a tool for unambiguously placing atypical, phenotypically discordant and newly emerging 
Brucella isolates [59]. The identifi cation of novel genes within previously described groups has 
added insight with regard to the regulatory elements, nutritional demands and mechanisms 
required for effi cient intracellular growth and survival of the organism [60]. Four genes of B. 
suis that are necessary to resist specifi cally the action of γ9δ2 T cells have been identifi ed. 
B. suis that induces chronic disease in humans might have developed specifi c strategies to 
subvert the immune system at the level of the innate secondary response [61]. 

Transposon mutagenesis is the most frequently used approach in the identifi cation of 
genes involved in the virulence of bacterial pathogens [62]. A recent modifi cation of the 
classical transposon mutagenesis technique, signature-tagged transposon mutagenesis 
(STM), allows the detection of a given mutant within a complex pool of mutants by 
hybridization with a probe obtained by polymerase chain reaction (PCR) with primers 
based on constant regions [62]. Very little is known about the genetic basis of Brucella 
virulence. However, stress response proteins and smooth LPS may be required for virulence 
in vitro and in animal models. A two-component system (Bvr AS) and a type IV secretion 
system (VirB) have recently been identifi ed as essential virulence factors. More recently, the 
application of STM has allowed identifi cation of B. suis genes affecting intracellular survival 
in an in vitro human macrophage infection model [62]. The Brucella genome contains an 
IS 711 transposon element that is often used in fi nger printing Brucella species samples. 
While B. suis 1330 and B. suis ATCC 23445 contain 7 and 13 IS71 copies respectively, 
B. suis VBI 22 has 8 copies. All 7 IS 711 loci in B. suis 1330 genome are observed in the 
genomes of ATCC 23445 and VBI 22 strains. B. suis VBI 22 has an additional IS 711 locus 
right after the stop codon of the BSB 122_A1627 gene, which has not yet been previously 
observed in any sequenced Brucella species [63]. Obtaining the complete Brucella genome 
and identifi cation of the global expression genetic profi le of Brucella species will be a great 
step in understanding: biology and evolution of the pathogen, virulence of the organism 
and the interaction between Brucella and its host at the molecular level in order to improve 
the development of vaccines and new antimicrobial therapies [64,65]. The STM technique 
is a powerful method that allows a large number of mutants to be screened for attenuation. 
The isolation of attenuated mutants in virB operon and manB, that are known Brucella 
virulence factors, has validated the application of STM in Brucella virulence studies [62].

The rough strains RB51, RB115 and B18 which are characterized by different antigenic 
and immunological properties show differences in genes involved in LPS synthesis. Specifi c 
genes affected by such mutations have been identifi ed [66]. Brucella global expression 
profi le studies can provide novel information on growth phase-specifi c gene expression. 
Further characterization of some genes that have been found to be differentially expressed 
in most invasive cultures will likely bring new insights into the initial molecular interactions 
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the M antigen is the major antigen in B. melitensis. Numerous outer and inner membrane, 
cytoplasmic and periplasmic proteins have also been characterized [3].

Transmission of Brucellosis and Means of Infection
Brucellosis is commonly transmitted by: (1) consumption of unpasteurized, contaminated 

animal dairy products, (2) direct contact with infected animal parts and (3) inhalation 
of infected aerosolized particles. Person to person transmission is less common, but has 
been reported [16-19]. The disease can be transmitted by blood transfusion. Reports of 
blood transfusion as a means of transmission of brucellosis in recipients of blood product 
transfusion existed as early as the year 1950. Screening of blood donors for brucellosis 
has revealed presence of Brucella antibodies in serum samples of 0.057 to 3.19% of blood 
donors [79-81]. In Saudi Arabia, the national seroprevalence of brucellosis is 15% [82]. 
Brucellosis can also be transmitted by transfusion of harvested bone marrow in recipients 
of hematopoietic stem cell transplantation [83]. Sexual transmission, although rare, has 
been reported in humans. In the reported cases, Brucella was either cultured from semen or 
its presence in serum was demonstrated by PCR [84,85]. 

Laboratory Exposure to Brucellosis and Bioterrorism
The potential use of Brucella as a bioweapon derives from its great infectivity (virulence), 

ability to incapacitate infected individuals (potential lethality), the stubborn persistent 
nature of human disease (ability to develop resistance to known antimicrobials) and the 
absence of a safe and an effective vaccine for use in humans. Both the USA and the former 
Soviet Union weaponized Brucella in 1945 [86-88]. Brucella is classifi ed by the centers 
for disease control and prevention (CDC) as a category B pathogen that has potential 
for development as a bioweapon. Moreover, Brucella species are considered as the most 
common laboratory-acquired pathogen [13,20,89]. However, it is crucial to discriminate 
between true brucellosis and Y 09 infections that cause false positive serological reactions 
in testing for brucellosis [20]. In the management of bioterrorism, with the potential use 
of Brucella as a bioweapon, doxycycline should be considered a fi rst-line antibiotic [87]. 
Discovery of a laboratory exposure to Brucellae should prompt an exhaustive investigation 
of the event and its circumstances, defi nition of the population at risk, enforcement of safe 
laboratory practices and administration of antimicrobial prophylaxis for exposed individuals 
[19,89,90].

Conclussions
Brucellosis is a common global re-emerging zoonosis that constitutes a major health and 

economic problem in many parts of the world. Brucellae are Gram negative, intracellular 
coccobacilli that predominantly affect organs with rich macrophage content. At least 6 
species have been recognized species, 4 of them are human pathogens. Infection can be 
acquired by: consumption of unpasteurized dairy products, direct contact with animals, 
blood product transfusion and sexual transmission. In the era of globalization, international 
tourism and travel across free borders, brucellosis has become a common imported disease 
in developed countries. Laboratory exposure to the organism and possible utilization as 
a biological weapon add more to the pathogenic potential of the organism. The recent 
immunologic, genetic and genomic advances have translated into better understanding of 
the pathogenesis of brucellosis and are likely to be utilized well in the vaccination, prevention 
and therapy of this global infection. 
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incubation period, the clinical features are protean and non-specifi c [1,2].

Presentation of Brucellosis is also very variable. It may present as an acute febrile 
illness or as a chronic infection. It can cause both localized infection as well as systemic 
and generalized disease. Severity of the infection is also very variable as it may be totally 
asymptomatic or can cause severe and potentially fatal illness. Relapses and complicated 
infections may also be encountered [1,2].

Fever is the commonest clinical feature. Insidious onset of fever, high grade and 
irregular, with chills lasting for days to weeks is the most usual presentation [1-3,5]. As 
the infection may be atypical in presentation, some cases present with fever of unknown 
origin (FUO) [2,5]. Other symptoms of Brucellosis include: night sweats, rigors, myalgia, 
arthralgia, low backache, anorexia, malaise, fatigue, weakness, weight loss, headache, 
dizziness, depressed mood, dyspepsia, nausea, vomiting, abdominal pain, cough, dyspnea, 
hemoptesis, testicular pain and burning micturition. Physical examination may reveal: 
swelling of joints, tenderness over joints and the lower back, splenomegaly, hepatomegaly, 
external lymphadenopathy, jaundice, mouth ulcerations, scrotal swelling and a variety of 
cutaneous eruptions [1-12]. The clinical manifestations and complications of Brucellosis 
included in 2 major retrospective studies and 1 meta-analysis are summarized in Table 1 
[5,9,12].

Complications of Brucellosis 
Osteoarticular complications

Osteoarticular disease is the most common complication of Brucellosis as it has been 
described in 10 to 85% of patients [13,14]. The spectrum of bone and joint involvement 
by Brucellosis includes: arthritis, bursitis, tenosynovitis, osteomyelitis, spondylitis 
and sacroiliitis [13-16]. Spondylitis is the most common and most important form of 
osteoarticular involvement by Brucellosis in adults as it has been reported in 6-58% of 
cases [16]. Spondylitis may be diffi cult to diagnose and can be complicated by potentially 
devastating neurological and vascular conditions. Back pain, fever and constitutional 
symptoms are the most common manifestations [13]. Spondylitis typically affects men over 
the age of 40 years. Areas of the spine that are involved include: lumber (60%), thoracic 
(19%) and cervical (12%). Tuberculosis of the spine should be included in the differential 
diagnosis [16]. Laboratory abnormalities in Brucella spondylitis include: elevated erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP), leucopenia or leucocytosis (at times 
with pus formation), anemia, thrombocytopenia and moderate elevation of liver enzymes 
(Table 2). Blood cultures may be positive in up to 85% of cases. Coomb’s test is invariably 
positive and agglutination tests may be positive in up to 90% of cases [13,16]. Plain X-rays, 
computerized axial tomography (CAT) scans, bone scans and magnetic resonance imaging 
(MRI) are useful in the diagnosis of spinal Brucellosis. Although bone scans are very 
useful, MRI is the method of choice for diagnosis and follow-up in spondylitis caused by 
Brucellosis [13,16-19]. The radiological features appear 3 to 5 weeks after the onset of the 
clinical manifestations [16]. The radiological abnormalities are variable and they include: 
focal spondylitis, epiphysitis, diskitis with disc collapse, paravertebral abscesses and 
osteomyelitis (bone destruction) that may involve more than one bone or vertebral level and 
that may occur in 6-50% of patients (Figure 1) [13-16,18,20,21]. Treatment of spondylitis 
includes a combination of antimicrobials in addition to other measures such as analgesia, 
immobilization to reduce pain and drainage of abscesses if present. The best combination 
therapy includes doxycycline and aminoglycoside and response rate using this regimen 
ranges between 60 and 90% of treated patients. Doxycycline and rifampicin combination 
can be given alternatively while the combination of co-trimoxazole and ciprofl oxacin is not 
recommended as it has been reported to yield a poor outcome. Longer duration of treatment 
is usually required. While some studies have shown that 6 to 12 weeks may be the optimal 
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Laboratory abnormality Percentage
         Elevated ESR 69.4
         Elevated CRP 57.5

         Anemia 26.4
   Positive rheumatoid factor 12.7

         Leucopenia 10.7
         Leucocytosis 8.4

      Thrombocytopenia 7.03
      Thrombocytosis 1.1

ESR: erythrocyte sedimentation rate;CRP: C-reactive protein

Table 2: Laboratory abnormalities in 1239 patients with brucellosis.

(a) (b) (c)

Figure 1: (A): MRI of lumbar spine in a patient with brucellosis showing evidence of paravertebral and epidural abscess; 
(B): MRI of thoracic spine in a patient with brucellosis showing evidence of multifocal spondylodiskitis; (C): MRI of tibia in 
a patient with brucellosis showing evidence of osteomyelitis.

(a) (b) (c)

Figure 1: (A): MRI of lumbar spine in a patient with brucellosis showing evidence of paravertebral and epidural abscess; 
(B): MRI of thoracic spine in a patient with brucellosis showing evidence of multifocal spondylodiskitis; (C): MRI of tibia in 
a patient with brucellosis showing evidence of osteomyelitis.

into: central, peripheral, focal or diffuse. The onset can be acute or chronic [26,29,30]. The 
clinical manifestations of neuroBrucellosis include: (1) meningitis that can be acute or chronic 
with acute Brucella meningitis being the commonest presentation of neuroBrucellosis, (2) 
meningoencephalitis, (3) signs of meningeal irritation such as neck stiffness, (3) headache 
and isolated intracranial hypertension, (4) polyradiculoneuritis: peripheral and cranial 
nerve palsies, sensory and motor abnormalities in addition to paraplegia and quadriplegia, 
(5) brain and epidural abscesses, (6) subdural hematomas, intracerebral hemorrhages, 
subarachnoidal hemorrhages, transient ischemic attacks and hemiplegia, (7) convulsions, 
coma and stupor, (8) cerebellar dysfunction, gait abnormalities and spastic paraplegia, (9) 
myelitis and chorea, (10) depression, psychosis and dementia, (11) backache, arefl exia and 
hearing loss, (12) mycotic aneurysms and (13) Guillain-Barre syndrome [26-30].

Cerebrospinal fl uid (CSF) analysis usually shows: leucocytosis with predominant 
lymphocytosis, elevated CSF protein and low CSF glucose [26,27,29]. CSF cultures for 
Brucella may be positive. Brucella serology and blood cultures are usually positive. Pus 
cultures from brain abscess may be positive for Brucella species and brain biopsy usually 
reveals granuloma formation with central necrosis [26]. MRI may show: brain parenchymal 
swelling causing decreased lateral ventricular volume, hydrocephalus with periventricular 
edema, meningeal enhancement in posterior fossa, multiple hypodense periventricular 



83

monocytic or lymphocytic infi ltration, interstitial pneumonitis, pulmonary granulomas 
or solitary nodules, bilateral glass round opacities and military mottling, empyema, 
pneumothorax, hilar and paratracheal lymphadenopathy, perivascular and peribronchial 
thickening, centri-acinar emphysematous changes and atelectasis [37-39]. Brucella species 
can be cultured from pleural fl uid, but the yield from sputum or bronchoalveolar lavage is 
usually poor. Treatment is usually in the form of combination therapy that includes two of 
the following agents: doxycycline, rifampicin, streptomycin and co-trimoxazole. Pulmonary 
involvement by Brucellosis has good prognosis provided combined antimicrobial therapy is 
administered early in the course of the infection [37-39]. Chest wall involvement is a rare 
manifestation of Brucellosis. Presentation is usually with parasternal masses and nodular 
lesions over the chest wall that may be misdiagnosed as tuberculosis or malignancy [40].

Cutaneous involvement
Cutaneous lesions are usually considered non-specifi c fi ndings in patients with 

Brucellosis. Cutaneous involvement has been reported in 1 to 14% of patients with 
Brucellosis. Skin lesions may appear at presentation, during the course of the illness or at 
relapse [41-45]. A variety of skin manifestations have been reported including: disseminated 
erythema, diffuse maculopapular eruption, papulonodular lesions, erythema nodosum-like 
eruption, psoriasiform eruption, malar eruption, palmar erythema and eczema, ecchymoses, 
purpura, leucocytoclastic vasulitis, panniculitis and multiple skin abscesses [41-46]. 
Hematogenous spread of the organisms can be the most important pathogenic mechanism 
[41,42]. Serological tests for Brucellosis may be positive and blood cultures may be positive in 
up to 77% of patients, with B.mellitensis being the commonest species cultured [42,43,46]. 
Skin biopsy is usually positive and may facilitate the diagnosis of Brucellosis. A variety of 
histopathological features have been described including: dermal infl ammatory infi ltrates 
with dominance of lymphocytes and histiocytes, perivascular and periadnexal arrangement 
of infi ltrates and focal granulomatous changes. Cultures of skin lesions, particularly in case 
of abscess formation, may be positive for Brucella species [41-43,46]. 

Hematological abnormalities
Leucopenia is more frequently encountered in acute Brucellosis. Lymphopenia signifi cantly 

correlates with the severity of clinical manifestations e.g. bleeding and hepatic involvement. 
Relative lymphocytosis may occasionally be encountered. Pancytopenia is commonly seen, 
often at presentation. Anemia is also a common consequence of Brucella infection and may 
be severe. Thrombocytopenia is occasionally encountered and may be severe (Table 2). 
Bleeding diathesis and even disseminated intravascular coagulation may occur. Hemolytic 
anemia that may be acute and Coomb’s positive can also be seen. Elevation of ESR and CRP 
may also be seen (Table 2) [3,47-54]. Bone marrow examination in patients with Brucellosis 
usually shows: hypercellular or normocellular marrow, epitheliod giant cell granulomas 
that are usually small with indistinct borders mimicking granulomas of tuberculosis and 
sarcoidosis. Histiocytic phagocytosis may be seen with or without peripheral pancytopenia 
[47,48,54,55].

Microangiopathic hemolytic anemias, e.g. thrombotic thrombocytopenic purpura, 
have been reported in patients with acute Brucellosis. Despite the severity of this rare 
complication, complete recovery has been encountered with early and prompt therapy 
using plasma exchange, antimicrobial therapy for Brucellosis and corticosteroids [56-
59]. Thrombocytopenic purpura has also been reported in patients with Brucellosis. Early 
recognition of this complication is essential as central nervous system (CNS) hemorrhage 
is associated with high mortality rates. Nevertheless, treatment of Brucellosis in addition to 
corticosteroid therapy can control both disorders [60,61].

Capillary leak syndrome has been reported in patients with Brucellosis and pancytopenia. 
Patients may present with: fever, sweats, weakness, hepatosplenomegaly, peripheral edema, 
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Other rare complications of Brucellosis
1. Gastrointestinal involvement: Brucellosis may be complicated by: acute cholecystitis, 

spontaneous bacterial peritonitis, ileitis, colitis and diverticulitis presenting with acute 
abdomen [85-88]. 

2. Eye complications: Uveitis is the most frequent ocular presentation of Brucellosis 
and posterior uveitis is the most frequent uveal syndrome. Other ophthalomological 
complications include: keratoconjunctivitis, endophthalmitis, choroiditis, iridocyclitis, 
corneal ulcers, nummular keratitis, papilledema, cataract, glaucoma, diplopia, 
ophthalmoplegia, optic neuritis and atrophy in addition to phthisis bulbi [2,89]. It is 
important to rule out uveitis through an ophthalmic examination in every suspicious 
case of Brucellosis, as uveitis is a potentially blinding complication [89,90]. 

3. Brucellosis does not appear to be associated with hearing loss, while mastitis is a very 
rare presentation of Brucellosis in female patients [91,92]. 

4. Acute renal failure and spontaneous splenic rupture have also been reported [93,94].

Relapse of Brucellosis
Relapses occur in 4.7 to 29% of patients with Brucellosis [2,6,9,95]. Relapses usually occur 

within 3 to 12 months of discontinuation of the antimicrobial therapy [1,2,6]. The risk factors 
for relapse include: male sex, old age, lymphopenia, defi cient immunologic response such 
as in associated human immunodefi ciency virus (HIV) infection, presence of an aggressive 
disease or a chronic infection, positive blood cultures during initial infection, an inadequate 
choice of antibiotics, monotherapy rather than combination treatment, shortened duration 
of therapy, localized foci of infection, positive family history, living in endemic area and 
rarely resistance to antimicrobial therapy [1,2,6,95-98]. Relapse is not usually associated 
with: the initial or subsequent antibiotic susceptibility, the specifi c antimicrobial regimen 
used to control the initial infection or having a high risk occupation [1,2,6,98.99]. Clinical 
differentiation between relapse and re-infection in areas of ongoing exposure can be diffi cult 
[2]. The highest relapse rates have been encountered in patients with complications such 
as osteoarticular involvement [9,95]. Independent predictors of relapse include: positive 
blood cultures at baseline, temperature of ≥ 38 0C and duration of symptoms less than 10 
days [2]. During relapse: blood cultures may be positive, ESR and CRP are usually elevated 
[1,96,97]. A repeat, but a longer course of a standard therapeutic regimen such as the 
combination of doxycycline, streptomycin and/or rifampicin and surgical intervention in 
case of localized foci of infection are usually successful in most relapses [1,2,6,9].

Chronic Brucellosis
Although no uniform defi nition has been agreed upon, chronic Brucellosis traditionally 

refers to the persistence of clinical manifestations for at least one year after establishment 
of the diagnosis of Brucellosis [1,2]. Chronic Brucellosis is characterized by: (1) localized 
infection such as spondylitis, osteomyelitis, tissue abscess or uveitis producing recurrent 
bouts of fever and other clinical manifestations, (2) relapse in patients with an objective 
evidence of infection such as high 1gG antibody titers and/or recovery of Brucellae from blood 
or tissues and (3) manifestations such as chronic fatigue syndrome and psychoneurosis 
[1,2,6]. 

The clinical manifestations of chronic Brucellosis include: sweating, fatigue, malaise, 
tiredness, weakness, anorexia, depression, arthralgia, myalgia, headache, lower backache, 
pain in temporomandibular joints, irritability, insomnia, abdominal pain, diarrhea, 
constipation, arthritis, and lymphadenopathy [2,100-102]. There are 2 types of chronic 
Brucellosis: (1) chronic Brucellosis with clear history of acute infection, where Brucella 
symptomatology continues after the acute attack. (2) chronic Brucellosis without clear 
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rifampicin or cotrimoxazole is inadequate and is associated with high relapse rates [117]. 
The treatment of choice should be effective and should have minimal adverse effects [117]. 
In pregnant women presenting with febrile illness, the benefi cial effects of treatment are 
usually encountered [107]. The optimal duration of antimicrobial therapy is 6 weeks and 
the success rate of antibiotic treatment for Brucellosis in pregnant women may reach 90% 
[109,117,120]. Health education of the target population is advisable to prevent the disease 
and its complications. Screening programs for Brucellosis in pregnant women living in 
endemic areas is recommended [108,124]. Brucellosis should also be kept in the differential 
diagnosis of fever in pregnant females living in endemic areas as early diagnosis and prompt 
therapy have been shown to improve the outcome considerably [108,124].

Congenital and neonatal Brucellosis
Congenital Brucellosis is very rare and its diagnosis indicates a substantial local 

endemic activity [125]. Congenital and neonatal Brucellosis are usually associated with the 
presence of untreated maternal Brucellosis or Brucella bacteremia in the pregnant mother 
[125,126]. Neonates become congenitally infected with Brucellosis by the following means: 
transplacental transmission from an infected mother, exposure to blood, urine or genital 
secretions during delivery, breast feeding and blood or exchange transfusion in the early 
neonatal period [117,125-128]. The clinical manifestation include: fever, anemic symptoms 
or features of bone marrow failure, jaundice, respiratory distress, vomiting, irritability, 
convulsions, hepatosplenomegaly, septic shock, multiorgan involvement, meningitis and 
endocarditis [125,127-129]. The diagnosis is made in the presence of: a compatible clinical 
picture, positive Brucella serology or positive cultures for Brucella obtained from blood or 
breast milk [125,127-129]. The choice of drug therapy is very limited due to side effects 
such as fl uoroquinolone induced cartilage damage, teeth staining and fatty necrosis of liver 
caused by tetracyclines and cotrimoxazole induced kernicterus [125,127-129]. However, the 
teratogenic potential of rifampicin, fl uoroquinolones and cotrimoxazole is simply unknown 
[130]. In individual cases, cotrimoxazole has been used successfully and there have been no 
reports of gentamicin toxicity [130]. The combination of an aminoglycoside e.g. gentamicin 
or amikacin plus rifampicin or cotrimoxazole is usually successful and may prevent 
complications [125,127-129].

Brucellosis in children
The incidence of childhood Brucellosis varies according to the geographic location and the 

strain of Brucella species. Where B. abortus is endemic, childhood Brucellosis is relatively 
uncommon while in areas that are endemic for B. melitensis, children represent 20-25% of 
all cases of Brucellosis [131,132]. Childhood Brucellosis is more frequently encountered in 
males than in females [132-134]. The main sources of Brucella infection in childhood are: 
consumption of raw milk and dairy products, close animal contact and recent history of travel 
to endemic areas [131,132,134-142]. The clinical manifestations of Brucellosis in children 
include: fever, sweating, lethargy, clinical evidence of bleeding e.g. epistaxis or hematuria, 
nasopharyngitis, arthralgia, myalgia, hepatosplenomegaly and weight loss [131,133-145]. 
Fever, which may be prolonged, is the commonest clinical feature as it is encountered in 
75-100% of cases while arthritis is usually seen in 50-75% of patients [135,137-140,142]. 
Arthritis is usually oligoarticular with predominant involvement of lower limb joints. Unlike 
in adults, axial skeletal involvement is rarely encountered [137]. Childhood Brucellosis 
may be complicated by: neuroBrucellosis, endomyocarditis, osteomyelitis, skin lesions, 
bacteremia and relapse [131,132,135,136,146-149]. Various skin eruptions have been 
reported and lesions include: maculopapular eruptions, petechiae, purpura, impetiginous 
and psoriasiform lesions, papules and Pityriasis alba [131,135,146]. 

Involvement of the nervous system is rare in childhood Brucellosis [131,147]. Childhooh 
neurobrucllosis may present with meningitis, meningoencephalitis, meningomyelitis, 
cerebellar ataxia, acute facial palsy, peripheral neuritis and chorea [131,134,147]. CSF 
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presentation of acute leukemia or even if leukemia is under control. Early diagnosis of 
Brucellosis and prompt administration of appropriate antimicrobial therapy usually improve 
the outcome in such immunocompromised individuals. Presentation is usually with fever 
and pancytopenia. Antimicrobial therapy can be administered simultaneously with cytotoxic 
chemotherapy to control both Brucellosis and leukemia but in case of bacteremia, prompt 
antimicrobial therapy may become essential [154-156]. Brucellosis and even Brucella 
bacteremia can develop in recipients of hematopoietic stem cell transplantation (HSCT) 
living in endemic areas at any stage of their illness. Like in patients with acute leukemia, 
presentation is usually with fever and cytopenias. Prompt therapy with appropriate 
antimicrobials such as streptomycin, doxycycline and ciprofl oxacin will control the infection 
and prevent further complications [157].

Brucellosis and renal disease
Brucellosis has been reported in patients with end stage renal disease (ESRD) living in 

endemic areas. Such cases usually present with FUO but if left untreated, the infection 
may be complicated by serious complications such as neuroBrucellosis, paravertebral and 
epidural abscesses and peripheral arthritis [158,159]. On the other hand, Brucellosis has 
been reported to cause ESRD. Renal biopsies in patients having Brucellosis as a cause 
of ESRD have shown: mesangial and diffuse proliferative glomerulonephritis, rapidly 
progressive and focal segmental glomerulonephritis as well as exudative glomerulonephritis. 
Other renal complications of Brucellosis include: pyelonephritis, interstitial nephritis, mixed 
cryoglobulinemia and IgA nephropathy. Antimicrobial therapy given for Brucellosis usually 
improves the renal involvement [160].

Brucellosis coexisting with other infections and medical illnesses
Brucellosis has been reported in patients having other infections such as leishmaniasis, 

hepatitis C infection, HIV and viral hemorrhagic fevers e.g. dengue fever. In such patients, 
cytopenias are major complications. Treatment of both infections and supportive care will 
prevent further complications [161-166].

Brucellosis has also been reported in patients having chronic medical illnesses such 
as polycythemia rubra vera, chronic osteoarthritis, liver cirrhosis, pulmonary fi brosis 
and rheumatoid arthritis receiving infl iximab therapy. Early institution of appropriate 
antimicrobial therapy is essential to control Brucella infection and to prevent evolution of 
complications [167,168].

Brucellosis and chronic neurological disorders
Approximately 40% of patients with infections caused by Brucella species develop 

systemic and chronic manifestations indistinguishable from chronic fatigue syndrome 
(CFS) or myalgic encephalomyelitis (ME). Approximately 10% of patients with CFS/ME 
have been found to have presence of Brucella species infections as shown by PCR [169]. 
Patients infected with Brucellosis may present with neurological manifestations compatible 
with multiple sclerosis. However, old and new literature provides confl icting data on the 
association between Brucellosis and multiple sclerosis [170-172].

Brucellosis and solid tumors
It has been postulated that chronic Brucellosis may be associated with tumor formation. 

Brucella species DNA, not Brucella species organism, has been identifi ed in CNS tumors 
such as medulloblastomas. Further studies are needed to explore the true association 
between Brucella species DNA positivity and CNS tumor formation [173].

Brucellosis may also simultaneously present with other solid tumors e.g. ovarian 
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Abbreviations: B: Brucella; BCAP: anti-Brucella Immunocapture Agglutination Test; 
ELISA: Enzyme-Linked Immunosorbent Assay; FAO: Food and Agriculture Organization; 
FPA: Flouresence Polarization Assay; FUO: Fever of Unknown Origin; IFN-γ: Interferon-
Gamma; Ig: Immunoglobulin; LFA: Lateral Flow Assay; LPS: Lipopolysaccharide; MAT: 
Microagglutination Test; MET: Mercaptoethanol; OPS: O polysaccharide; PCR: Polymerase 
Chain Reaction; PGK: Phosphoglycerate Kinase; RBT: Rose Bengal Test; RSAT: Rapid Slide 
Agglutination Test; SAT: Standard Tube Agglutination; WHO: World Health Organization

Introduction
Globally, brucellosis is one of the most common zoonotic diseases [1]. It is endemic 

and reemerging infection in rural areas in Mediterranean, Middle East and Latin American 
countries [2]. The disease is caused by Brucella species and 4 species of the genus Brucella 
are human pathogens. Brucellosis is transmitted from animals to humans by direct contact 
with infected animals or consumption of raw unpasteurized dairy products [1,2]. 

Brucellae are small Gram-negative strictly aerobic, nonencapsulated and nonmotile 
coccobacilli that can be isolated from the genitourinary tract fl ora of various wild and 
domestic animals. Brucellae evade the host defence mechanisms and are capable of 
affecting any organ system in the body thus causing various acute and chronic clinical 
manifestations, prolonged morbidity, relapses and long-term sequelae. The diagnosis is 
often delayed or may be missed and successful management requires prolonged treatment 
using a combination of antimicrobials [2].

Laboratory Diagnosis of Brucellosis
Brucella cultures

Blood cultures in brucellosis: In patients with brucellosis, positive blood cultures may 
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subacute infection (31 vs 21%), chronic brucellosis (0.0 vs 8.0%) and the overall yield rates 
were 38% compared to 34% [4]. Several studies also showed that bone marrow cultures 
using conventional biphasic techniques may be superior to blood cultures in chronic cases 
of brucellosis and in patients with history of prior use of antibiotics where blood cultures 
may be negative [3,4,19]. In addition to bone marrow cultures, it is also worthwhile to try to 
culture aspirates or fl uids obtained from: liver, lymph nodes, pleural space, bronchoalveolar 
lavage, joints and skin lesions in areas that lack advanced technology to diagnose brucellosis 
[19].

Serology in the diagnosis of brucellosis
Following Brucella infection, specifi c immunoglobulin (IgM) antibodies appear within one 

week, they reach a peak within 3 months and they remain elevated for weeks to months. 
Other specifi c immunoglobulin (IgG) antibodies appear within 3 weeks of infection, they 
reach a peak within 6 to 8 weeks and they remain present, albeit at low levels, for months 
to years after the recovery of patients [20-22].

Despite having a plethora of serological tests for the diagnosis of brucellosis, none of these 
tests is 100% reliable or perfect. So, serological test results should always be considered or 
interpreted in conjunction with patient history, clinical manifestations and other laboratory 
fi ndings [23]. Other specifi c agglutinating antibodies are detected by Rose Bengal test (RBT) 
and standard tube agglutination (SAT) test. Coombs test, SAT in the presence of reducing 
agent and more recently enzyme linked immunosorbent assay [ELISA] have been used for 
the detection of specifi c IgG antibodies. Coombs test and IgG ELISA are particularly useful 
in the diagnosis of chronic infection and monitoring of disease relapse. Specifi c IgM ELISA 
antibodies are particularly useful in the diagnosis of acute brucellosis [20,24,25]. In acute 
brucellosis, Brucella Capt and Coombs test have positive titers of <1:160 [21]. When the 
titers are lower, they increase signifi cantly in the following 30 days regardless the levels of 
SAT titers. In chronic brucellosis, titers of Brucella Capt and Coombs test are always high 
(≥ 1:640), whether SAT titers are higher or lower than 1:160 [21]. The diagnosis of relapse 
is particularly diffi cult and is most often based on the presence of a positive Coombs test 
with high titers [24].

a. Rose Bengal test (RBT)

The RBT is a rapid, slide-type agglutination assay performed with a stained B. abortus 
suspension at PH of 3.6-3.7 and plain serum. Its simplicity made it an ideal screening test for 
small laboratories with limited resources [26]. The drawbacks of RBT include: low sensitivity 
particularly in chronic cases, relatively low specifi city in endemic areas and prozones make 
strongly positive sera appear negative in RBT [26]. The overall sensitivity is 92.9%, so the use 
of RBT should be considered carefully in endemic areas, particularly in individuals exposed 
to brucellosis and those having history of Brucella infection [27]. RBT is an agglutination 
test that is based on reactivity of antibodies against smooth lipopolysaccharide (LPS). As 
sensitivity is high, false negative results are rarely encountered. To increase specifi city, the 
test may be applied to a serial dilution [1:2 through 1:64] of the serum samples [24,26,27]. 
The present world health organization (WHO) guidelines recommend the confi rmation of the 
RBT by other assays such as serum agglutination tests [26,27].

b. ELISA assays

The available ELISA assays include: (1) IgG, IgA and IgM antibody test, (2) SAT and 
(3) 2- mercaptoethanol test (2-MET). However, the SAT is the gold standard assay [28,29]. 
ELISA has become popular as a standard assay for the diagnosis of brucellosis, serologically. 
It measures IgG, IgA and IgM antibodies and this allows a better interpretation of the clinical 
situation. The diagnosis of brucellosis is based on the detection of antibodies against the 
smooth LPS. Detection of IgG antibodies is more sensitive than detection of IgM antibodies 
for diagnosing cases of brucellosis but specifi city is comparable [29-31]. Compared to the 
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a. Coombs test

This is the most suitable and sensitive test for confi rmation of relapsing patients with 
persistent disease [24]. It is an extension of the SAT test i.e if the SAT test yields negative 
results due to the presence of blocking antibodies, Coombs test may be used instead. 
Agglutination can be determined visually, as for SAT, by using an agglutinoscope or a 
drop on a slide examined under the microscope [29]. Coombs test is used for detection of 
incomplete, blocking or non-agglutinating IgG. It is time consuming, technically diffi cult, 
requires skilled personnel and not routinely performed in clinical laboratories. It is good 
for complicated and chronic cases but misses about 7% of cases compared with ELISA 
[24,29,37].

b. Dipstick assay

The IgM dipstick assay is one of the tests that have been adapted to detect IgM antibodies 
to the smooth LPS. The assay has shown high sensitivity for patients with disease lasting less 
than 3 months [38-41]. IgM dipstick assay offers higher sensitivity and easier manipulation 
than IgM ELISA to detect IgM antibodies to Brucella species and improves the interpretation 
of results thus establishing cut-off points. IgM dipstick assay could be used as a rapid and 
simple alternative to the ELISA IgM for the serodiagnosis of patients with acute brucellosis. 
The combined results of SAT and IgM dipstick assays can provide an indication of the stage 
of disease for those patients in whom the onset of clinical manifestations is not known 
[38,41].

c. Fluorescence polarization assay (FPA)

The FPA was initially developed for testing serum. However, the technology has been 
extended to testing whole blood and milk samples from individual animals. FPA is based 
on the rotational differences between a small soluble antigen molecule in solution and the 
antigen molecule complex with its antibody [24,42]. It measures the size of a fl uorescent 
tagged molecule such as an antigen. The utilization of the O-side chain of LPS from Brucella 
species has shown encouraging results. The test is a valuable alternative to conventional 
serological tests. Sensitivity of FPA is 96% for culture-confi rmed human brucellosis and 
specifi city is about 98% [24,42].

d. Immunocapture agglutination test; Brucella Capt (BCAP)

Recently, new immunocapture agglutination for anti-Brucella (BCAP) assay has been 
developed to detect agglutinating and non-agglutinating antibodies with high sensitivity 
[24]. It is based on the sandwich ELISA system, where a microwell is covered with Coombs 
antibodies against human origin IgG, IgA and IgM antibodies [22]. This Brucella agglutination 
test occurs in a microwell and is performed with Coombs antibodies and determines the 3 
antibodies that form against brucellosis. It has been suggested as a possible substitute for 
Coombs test and a better marker for disease activity [22]. Compared to Coombs test, it has 
similar sensitivity and specifi city but both can remain positive for long time after treatment 
in cured patients. BCAP determines blocking antibodies at diagnosis and during follow up 
for patients having brucellosis [22,43]. It is easier to carry out in 24 hours without a second 
step necessary as in Coombs test [43]. In comparison with other tests: it is more complex, 
expensive and slow. It can hardly replace rapid screening tests such as RBT and dipstick 
as a screening or fi rst diagnostic test. However, it could help to diagnose disease in patients 
with longstanding evolution of brucellosis that is not detected by SAT. So, like Coombs test, 
Brucella Capt which is based on the immunocapture-agglutination of the total anti-Brucella 
antibodies, could be a second level serological test [22,24,37,40].

e. Lateral fl ow assay (LFA)

An immunochromatographic Brucella IgM / IgG lateral fl ow assay is a simplifi ed version 
of the ELISA test and has a great potential as a rapid point-of-care assay. The test has high 
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by certain authoritative sources are contradictory to each other. All these controversies and 
differences make the choice of therapy for brucellosis a diffi cult task (Table 1) [57,58]. The 
aims of brucellosis treatment include: to shorten duration of symptoms, to prevent relapse 
and complications such as endocarditis, sacroiliitis and abortion [58].

Reference Solera (MA*) 61 Skalsky (MA) 58 del Pozo (MA) 57 WHO** / FAO***58,59 Ioannina (IR) 59
Year of publication 1994 2008 2012 1986 2007

Studies/trials 
included 6 30 17 - -

First Line Therapy Streptomycin and 
Doxycycline

Doxycycline – 6 
wks* + Rifampicin 

– 6 wks Gentamicin 
– 2 wks 

Doxycycline – 6 
wks +streptomycin 

– 2 wks OR 
Doxycycline – 6 wks 
+Gentamicin – 1 wk 

Doxycycline – 6 wks 
and Rifampicin – 6 

wks

Doxycycline – 6 wks 
and Streptomycin: 

2-3 wks 

Alternative Therapy -
Doxycycline – 6 wks
Gentamicin – 2 wks

Doxycycline + 
Rifampicin

Or  Ofl oxacin + 
Rifampicin Or 
Doxycycline + 
cotrimoxazole

Doxycycline – 6 
wks + Streptomycin: 

2-3 wks

Doxycycline – 6 wks 
+ Rifampicin – 6 

wks

Second Line 
Therapy Rifampicin and 

Doxycycline

Doxycycline – 6 wks 
+ Streptomycin – 2 

wks
- - Doxycycline – 6 wks 

Gentamicin – 1 wk

Optional Therapy -

Cotrimoxazole + 
Doxycycline – 6 

wks OR
Cotrimoxazole 

+ Rifampicin – 6 
weeks

Monotherapy in 
patients with low 

risk of relapse
Cotrimoxazole

Cotrimoxazole – 6 
wks or Ofl oxacin – 6 
wks Or Ciprofl oxacin 

– 6 wks

Not Recommended -

-Monotherapy
-Treatment for less 

than 30 days
-Quinolone-based 

treatment

Triple Therapy - Azithromycin Or 
Meropenem

* MA : metaanalysis ** WHO : World Health Organization * IR : international recommendation ** FAO : Food and Agriculture 
Organization * WKS : weeks

Table 1: Main Treatment Schedules for Human Brucellosis.

In 1986, WHO and FAO (food and agriculture organization) recommended the following 
treatment for uncomplicated case of brucellosis in adults: doxycycline and rifampicin for 
6 weeks or tetracycline orally for 6 weeks in addition to parenteral streptomycin for 2 to 
3 weeks (Table 1) [58,59]. In November 2006, a consensus meeting aimed to reaching 
a common specialist statement on the treatment of brucellosis was held in Ioannina in 
Greece under the auspices of the International Society of Chemotherapy and the Institute 
of Continuing Medical Education of Ioannina. The author panel suggested that optimal 
treatment of uncomplicated brucellosis should be based on a six-week regimen of doxycycline 
combined with streptomycin for 2 to 3 weeks or rifampicin for 6 weeks. Gentamicin might 
be considered as an acceptable alternative to streptomycin while all other regimens or 
combination therapies should be considered second-line (Table 1) [59].

Since the fi rst effective treatments against brucellosis appeared, antimicrobial 
combinations have been preferred over monotherapies [57]. Therefore, optimal therapy 
of brucellosis should be a combination therapy [57,58]. The most commonly used drug 
combinations include: tetracycline (doxycycline) orally for 6 weeks in addition to either oral 
rifampicin for 6 weeks or a parenteral aminoglycosides (gentamicin for 1 week or streptomycin 
for 2-3 weeks) [57-61]. Monotherapy is not recommended, as it is associated with high 
relapse rates, except in cases at low risk of relapse. Triple therapy was recommended as 
fi rst-line treatment in some studies, but it is no longer recommended except in complicated, 
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72]. Health education and screening programs for brucellosis in pregnant women living in 
endemic areas are of vital importance [73,74]. Also, there is no consensus on the treatment 
of childhood brucellosis [75]. Drug combinations incorporating cotrimoxazole in addition 
to rifampicin, gentamicin or tetracycline have been used successfully in the treatment 
of Brucella infections in children [75-78]. Treatment is given for up to 6 weeks although 
complicated cases may require therapy for up to 3 months [76,77].

Drug Resistance and Antibiotic Susceptibility
In order to decrease the development of drug resistance and the incidence of complications 

of brucellosis, it is essential to have antimicrobial therapy guided by antibiotic susceptibility 
testing. It is usually recommended to administer trimethoprim-sulfamethoxazole in 
combination with tetracycline or streptomycin as only 38% of Brucella strains are susceptible 
to co-trimoxazole [78].

Fluoroquinolones exhibit broad spectrum antibacterial activity. Their oral bioavailability, 
high tissue concentrations, evidence of intracellular penetration and in vitro activity against 
Brucella species make them attractive candidates for use against infections caused by 
intracellular bacteria such as Brucell species ciprofl oxacin had good promise initially, but 
the following reasons excluded its use as a sole agent in fi rst line therapy: lack of bactericidal 
activity against Brucella species, development of drug resistance during therapy and the 
high relapse rates encountered. The new generations of fl uoroquinolones e.g. trovafl oxacin, 
moxifl oxacin, ofl oxacin, grepafl oxacin, gatifl oxacin and sitafl oxacin have shown excellent 
in vitro activities against B. melitensis. Therefore, use of these agents is warranted in the 
treatment of human brucellosis [79]. The absence of topoisomerase II-IV mutations in B. 
melitensis strains cannot rule out evolution of fl uoroquinolone resistance due to interplay 
of several mechanisms [80]. Rifampicin is a potent broad-spectrum antibiotic and is an 
integral component of the combination therapy used in the treatment of human brucellosis 
[81]. The rpoB genetic mutations that confer rifampicin resistance were initially identifi ed 
in the rough vaccine strain (RB51) of B. abortus. The absence of rpoB mutations in the 
clinical B. melitensis strains reinforces the fi rst-choice status of rifampicin in the treatment 
of brucellosis and demonstrates the usefulness of molecular screening for resistant 
genotypes [81]. 

Control of Brucellosis
The main components of brucellosis control and eradication strategies are: (1) 

elimination of the pathogen at its animal source by hygiene measures such as careful 
herd management and health education, vaccination of animals in addition to testing and 
slaughtering of infected animals [82,83], (2) improving quality of the veterinary services 
and establishment of diagnostic laboratories that adopt international standards, (3) 
adoption of appropriate control and eradication programs [82] , (4) active and continuous 
surveillance and identifi cation of animals and herds at high risk [82,84,85], (5) vaccination 
of young female animals is the most practical, economic and effective control program as 
mass vaccination has been adopted by many countries, (6) testing and slaughtering of 
seropositive adult animals [82,83] (7) health education and application of strict hygiene 
measures to personnel in direct contact with animals, (8) prompt diagnosis and appropriate 
treatment of infected humans to prevent chronic disease and further complications [82], 
(9) coordination and cooperation between public health offi cials, veterinary offi cers and 
various governmental sectors as expanded regional and even international cooperation is 
needed for optimal global control [82-84], and (10) animal control with restriction of animal 
transportation across open borders. Up to date, the most commonly used animal vaccines 
are: (1) B. abortus 519, (2) B. melitensis Rev.1 and (3) B. abortus RB51 [83,85].
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Conclusions and Future Directions
The diagnosis of brucellosis can provisionally be made on clinical grounds but 

confi rmation requires certain laboratory investigations. Isolation of the organism from blood 
cultures is the gold standard diagnostic test. The automated cultural techniques and the 
lysis concentration methods have improved the yield rates signifi cantly. Several serological 
techniques are employed in the diagnosis of acute, chronic and relapsing brucellosis. 
Molecular tests have recently been utilized in the diagnosis and follow up of brucellosis 
patients.

Drug combinations are effective, while monotherapy may be associated with therapeutic 
failure and relapse. The most commonly used regimens are composed of doxycycline 
plus rifampicin and/or an aminoglycoside. Treatment duration depends on the: primary 
site of infection, duration of illness and presence or absence of complications. The new 
fl ouroquinolones, tigecycline, levamisole and IFN-γ can be incorporated into future 
therapeutic regimens. The main components of control programs are: animal vaccination, 
pasteurization of dairy products, health education of at risk populations and coordination 
between various governmental, regional and international organizations.

The recent advances in cultural, serological and molecular techniques have improved 
the diagnostic yield. Also, the recent genetic and immunological assays will have positive 
impacts on the diagnosis, treatment, vaccination and control of the disease. Although 
personalized therapy is advocated by certain authorities, global therapeutic language is 
urgently required. New diagnostic and therapeutic guidelines are vital to have optimal 
global control. For such guidelines to be acceptable and effi cient, they should take social, 
fi nancial and economic conditions of individual countries in addition to local experiences 
into consideration. 
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pathogens, Candida and Cryptococcusis species are the yeast pathogens, most frequently 
isolated fromimmunocompromised hosts in clinical practice. The Candida remains the most 
commom cause of invasiveyeast infections and Cryptococcusisis the second most common 
lethal fungal opportunist which causes symptomatic Cryptococcosis. Candida albicans is 
a normal fl ora of the human mucus, which causes vaginal candidiasis in more than 70% 
of healthy women atleast once in their life time. However, the yeast infection and clinical 
problemsassociated with immunocompromised patients are often causes severe illness 
or death. The pathogenic C. neoformans infects humans upon inhalation and causes the 
most common fungal meningoencephalitis in immunocompromised individualsworldwide.
Acute neutrophilic meningitis is most frequently observed in Candida meningitis, whereas 
Cryptococcusis neoformans typically causes the chronic lymphocytic meningitis. Normally, 
when the fungus enters the body through the skin, mucosal membrane or by inhalation, 
defense cells such as the white blood cells, neutrophils and mononuclear phagocytes kill the 
fungi by phagocytosis. In immunocompromised patients, however, the risk of fungal infection 
is increased due to reduced number of phagocytes. Serious fungal infections affecting the 
immunocompromised people can be associated with impairment of T-lymphocytes and 
mononuclear phagocytes, which causes defective cell-mediated immunity. Candidiasis 
is most notable in patients with hematologic malignancies, hematopoietic stem cell 
transplant and organ transplant recipients. The patients hospitalized in critical care units 
supported with the use of invasive devices and broad-spectrum antibiotics have increased 
predispositions of Candida infection. Although, the incidence of Cryptococcosis is much 
lower in developed countries, it remains a leading opportunistc infection of patients with 
solid organ transplants, hematologic malignancies and AIDS. Human diseases resulting 
from the environmental exposure to the yeast blastospores of Candida or basidiospores of 
Cryptococcusis species are increased signifi cantly ever since the increased onset of the HIV 
epidemic and other immunocompromised individuals.

Candida
Introduction

The yeast Candida albicans is the most prevalent opportunistic fungal pathogens of 
human. Candida can live as a harmless commensal of humans, and is carried in almost 
half of the population [4]. Colonization of Candida in distinct sites including skin, oral 
gastrointestinal tract and vaginal mucosal surfaces are extremely common in healthy 
individuals. However, in response to change in the host defense environment, itcan convert 
from a benign commensal to a disease-causing pathogen. In immunocompromised patients, 
it can cause infection of the mucosal epithelia followed by dissemination and colonization 
of internal organs and cause broad spectrum infections in the oral, gastrointestinal, 
genital tracts and systemic infections in other organs [5].The Candida infection is more 
prevalent in patients with impaired host defenses, often seen in those who have undergone 
anti-infl ammatory and immunosupressive chemotherapies, organ transplants, cancer 
therapy, use of prosthetic devices, patients using broad-spectrum antibiotics and in AIDS 
patients [6-8]. The genus Candida contains more than 100 different species, but only a 
few of these species (C. albicans, C. tropicalis, C. glabrata, C. parapsilosis, C. krusei, C. 
lusitaniae) have emerged as signifi cant agents of disease in the last 20–30 years, causing 
35–65% of candidemia (Candida species in the blood) [9]. Among the Candida species 
affl icting humans, Candida albicans is the most common. Most Candida species grow as 
yeast, as well as fi lamentous growth form. C. albicans is more morphologically diverse for 
its ability to switch between yeast and fi lamentous hyphal growth forms. Both of these 
morphological forms have been shown to be essential for the virulence [10]. The pathogenic 
species of Candida differ in their virulence, frequency and clinical manifestation. Recent 
studies have supported that C. albicansis the most (63-70%) predominant cause of invasive 
fungal infectionsfollowed by non-albicans species C. glabrata (44%), C. tropicalis (6%) and 
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member of the Candida species, and it expresses several virulence factors that contribute 
for the pathogenesis. The virulenceproperty of the C. albicans includes host recognition and 
adhesion to the host cells, morphogenesis, biofi lm formation and secretion of hydrolytic 
enzymes [15]. The major virulence of the C. albicans is associated with its ability to switch 
between the yeast and hyphal morphology. During mucosal infections, the hyphal form 
plays an important role in causing disease by invading epithelial cells and causing tissue 
damage. C. albicans also regulates the expression of several genes and their products as 
virulence factors. 

Adhesion: Pathogenesis of Candida species involves adhesion to the host epithelial and 
endothelial cells, and morphologic switching of yeast cells from the ellipsoid blastospore 
to various fi lamentous forms. Adherence of Candida cells to the host tissues is a complex 
multifactorial phenomenon. It utilizes several types of morphogenetically changing cell 
surfaces and proteins that bind to extracellular matrix proteins of mammalian cells, 
such as fi bronectin, laminin, fi brinogen and collagen type I and IV. Adhesion of Candida 
species is mediated by some well characterized adhesion factors such as members of the 
agglutinin-like sequences (ALS) family of eight proteins (ALS1- ALS7 and ALS9), and several 
glycosylated proteins. Among eight ALS proteins, ALS1p have adhesion function to the 
human buccal epithelial cells, and also important for adherence of the pathogen to the oral 
mucosa during the early state of infection [22]. ALS3 has shown to be important for hyphal 
associated adhesion during infection of oral epithelial cell in vitro, in vivo and also during 
vaginal infection [23]. Another important adhesion protein of C. albicans is Hwp1, which 
mediates adhesion to extracellular matrix proteins of human endothelial and epithelial 
cells [24]. Both ALS3 and Hwp1 proteins have shown to express predominantly during 
hyphae formation [25]. Study on hwp1 knockout mutant of C. albicans has shown reduced 
adherences and mortality in murine models. Some of the ALS genes are upregulated in 
biofi lm-associated cells both in vivo and in vitro conditions [24]. Candida related infections 
have been found to be associated with the biofi lm formation. The biofi lm-forming capacity 
of the Candida pathogen in host tissue, results in enhanced adherence. Invasive strains 
of C. albicans recovered from patients show greater adherence than non- invasive strains 
recovered from asymptomatic carriers. Poorly adherent strains of C. albicans are less virulent 
in animal models [25,26]. However, the fungal components which mediate adhesion is still 
controversial, but some fi ndings indicate that cell wall components includes, mannan, 
mannanproteins or polysaccharides are responsible for the adhesion [27]. Factors that 
enhance C. albicans adherence include fungal cell surface hydrophobicity, morphology, pH, 
temperature, pregnancy, diabetes, oral contraceptive usage and nature of host immunity. 

Morphogenesis: Morphogenesis (transition between yeast cell and fi lamentous growth) 
is one of the most important and best-studied virulence factors of C. albicans. The pathogen 
grows vegetatively at least in three morphogenic forms, which include, yeast, pseudohyphae 
and hyphae. The yeast form of C. albicans resembles the typical budding yeast S. cerevisiae 
[28]. Pseudohyphae has a morphological appearance that falls between yeast-form and 
hyphae-form, which contains a chain of ellipsoidal yeast cells that have a constriction at the 
junctions between adjacent cells. Whereas, hyphae are cylinder like structures with the side 
walls parallel along their entire length. The other morphologies include chlamydospores, 
which are thick-walled spore-like structures, appear as whiteopaque cells formed during 
switching. However, chlamydospores have not been observed in patient samples. The 
morphological diversity of C. albicans is thought to aid its survival, growth and dissemination 
in the mammalian host. Both yeast and fi lamentous form of Candida have been identifi ed in 
patients, and there is a strong evidence on transition between yeast-to-fi lamentous growth 
is essential for virulence.Yeast forms are more suited for dissemination in tissues, whereas 
hyphae forms are required for tissue damage and invasion [29]. Several genes have been 
identifi ed which regulate yeast-to-fi lamentous transition, that includes PHR1, ECE1, HYR1, 
RBF1, CHS2 and CHS3. These genes are differentially expressed during morphogenesis of C. 
albicans [30]. Among these genes, gene disruption of RBF1 demonstrated the alteration in 
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(SAP1, 2) and extensive penetration (SAP8) [42]. In addition, several studies have shown 
that production of SAPs is correlated with other virulence determinants such as phenotypic 
switching, hyphae formation and adherence to enhance the pathogenicity of C. albicans.

Phospholipases are the enzymes that hydrolyze ester linkages of glycophospholipids 
during tissue invasion. In C. albicans, phospholipases are classifi ed as phospholipase A, 
B, C, and D. Of the four phospholipases, only phospholipase B has been shown to be 
required for virulence [43]. Phospholipase B deleted strain produced less enzyme activity in 
vitro, and also less virulent compared to wild-type cells in animal model of candidiasis [44]. 
Phospholipase B was detected and isolated from hyphal tips during tissue invasion and it 
demonstrated that increased level of phospholipase production in blood isolates compared to 
commensal isolates.These evidencessupport C. albicans phospolipase is a virulence factor.

Pathogenesis and host response
C. albicans yeast is the most common fungal commensal in healthy individuals, and also 

major opportunistic fungal pathogen causing high mortality risk in immunocompromised 
patients. Candida species colonize asymptomatically as a normal fl ora in around 25-50% of 
healthy individuals in a population at any given time. In healthy individuals, this fungus is 
controlled by the normal microbial fl ora, epithelial barriers and the innate immune system. 
However, when the host defense is weakened, C. albicans can cause infections that ranges 
from superfi cial mucosal infections to life-threatening systemic infections. The severity of 
Candida infection often depends upon the host’s immune system, and as well as the difference 
in the virulence factors of Candida strains. When C. albicans commonly live in mucosal and 
skin surfaces, they grow benignly and are tolerated by the host immune system. Invasion of 
C. albicans into host system occur via two different routes such as induced endocytosis or 
active penetration. Induced endocytosis is a host driven activity in which pathogen adhere 
and bind to a host receptor on epithelial or endothelial cells to trigger fungal up-take [27]. 
Active penetration requires fungal turgor, normal vacuole formation, cell wall integrity and 
hyphal extension. Induction of host damage by the pathogen is the key characteristic of 
pathogenesis. Penetration of hyphae deep into host cells or between host cell is potentiated 
by virulence factors such as the secretion of hydrolases and hyphal extension. During 
invasive hyphal formation, the immune system induces a specifi c immune response that is 
mediated by macrophages. Both mucosal immunity and cell mediated immunity together 
inhibit the germination and proliferation of Candida on mucosal surface. In addition, 
oral epithelial cells have direct anti-Candida activity. Cell surface appears to provide an 
additional line of defense to local Candida invasion of mucosal surfaces [45]. Abrogation 
of these mucosal surface due to the use of chemotherapy or immunosuppression therapy 
may lead to proliferation, local invasion and blood borne dissemination. Intact cell mediated 
immunity is critical in contributing mucosal host defense against Candida. In HIV positive 
patients, due to impaired cell mediated immunity, oropharyngeal candidiasis is common. 
Vaginal candidiasis also may be recurrent debilitating infection in HIV-positive women [46]. 
Disruption of an intact epithelium in patients who are receiving cytotoxic chemotherapy 
for cancer is an important component of locally invasive candidiasis.In addition, during 
Candida infection, a large number of pro-infl amatory and immunoregulatory cytokines are 
genarated by epithelial cells. A number of Th1 and Th2 cytokines and hemopoietic growth 
factor modulate the effect of innate immune cells in response to Candida species. These 
cytokines may stimulate phagocytosis and intracellular killing of infi ltrating neutophils as 
well as functions of CD4+ and CD8+ T-cells [47]. Phagocytes and macrophages play a crucial 
role in host defense against deeply invasive Candida infections. Phagocytes and pheripheral 
blood monocytes can recognise Candida blastoconidia, pseudohyphae and hyphae, and 
damage through oxidative and non-oxidative mechanisms. Whereas, macrophages clears 
circulating blastoconidia in liver and spleen. Thus, neutropenia condition in chronic 
granulomatous disease is the main risk factor for disseminated candidiasis. 
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infection varies from 7% to 93% [56]. Progressive systemic and local immunity damage can 
result in overload of Candida in oral cavity in HIV/AIDS patients. Both enhanced Candida 
virulence and impaired host immunity may leads to the conversion from asymptomatic 
carriage to oral candidiasis in AIDS patients. Oropharyngeal candidiasis may appear in a 
variety of clinical forms. The symptoms of oral thrush are burning pain, altered sense of 
taste, and diffi culty in swallowing. Oral candidiasis lesions are subdivided into primary oral 
candidiasis and secondary candidiasis. In primary oral candidiasis, lesions are confi ned 
to the oral cavity with no involvement of skin or other mucosae, whereas in secondary 
candidiasis, lesions are present in the oral as well as extra oral area including skin. Primary 
oral candidiasis consists of pseudomembranous, erythematous, and hyperplastic variants 
[57]. Esophageal candidiasis occurs less frequently (10-20%) but it is the leading cause 
of esophageal disease. Esophageal candidiasis is more similar to oral thrush, and it is 
diagnosed when typical oral candidiasis symptoms occur but in some casesit has also been 
reported to occur without thrush. Esophageal candidiasis is most commonly seen in patients 
who have undergone cancer treatmentor immunosuppresion therapy and in AIDS patients. 
The most common symptoms include painful swallowing and substernal chest pain. Nausea 
and vomiting may also occur. Esophageal candidiasis can be diagnosed by biopsy during 
endoscopy [58]. The prevalence of vaginal candidiasis (27-60%) ismost common in HIV-
associated clinical conditions in women, which tend to persist, and are associated with a 
signifi cantly reduced CD4 count and higher HIV viral load. Vaginalcandidiasisis the fi rst 
sign in a woman infected with HIV. Symptoms includes severe itching and burning of the 
vagina with slow leakage of a thick, white and cheese-like substance. The disseminated 
candidiasis is remarkably uncommon in AIDS [59]. This is likely due to relatively tolerable 
neutrophil function in most HIV-infected individuals. However, Candidaemia has been 
reported in AIDS, it usually associated with other risk factors such as neutropenia, broad 
spectrum antibiotics, parenteral nutrition, abdominal surgery, cancer and corticosteroid 
use. Systemic invasive candidiasis is usually associated with a persistent fever and no 
diagnostic clinical features. However, any nodular skin eruption in neutropenic patient 
should be biopsied as it may represent cutaneous emboli which are occasionally seen in 
patients with disseminated candidiasis [60]. Diagnosis of disseminated candidiasis is made 
by histopathology of the organism invading tissues. In addition, the organism is frequently 
cultured from sputum, urine and feces. The clinical features of patients with infection 
caused by C. albicans and non-albicans Candida species are indistinguishable. Therefore, 
identifi cation of Candida species in infected patients is important to understand their ability 
to cause infection and also in their susceptibility to antifungal agents. 

Diagnosis of oral candidiasis is often made based on the nature of clinical features. 
Microbiological specimenshould be taken for the identifi cation, quantifi cation and the 
antifungal testing of Candida. Isolation methods of Candida from the oral cavity includes 
the use of a smear, a plain swab, collection of whole saliva and mucosal biopsy [61,62]. 
Vulvovaginal candidiasis can be diagnosed by direct microscopic examination of vaginal 
secretions and culture of vaginal swabs [63,64]. Quantitative estimation of fungal load 
can be made by culturing of oral rinse to differentiate between commensal carriage and 
pathogenic existence of higher loads in oral candidiasis. 

Direct microscopy can be used to identify the Candida species based on the morphological 
features. Specimen prepared with Potassium hydroxide (KOH) reveals non-pigmented septate 
hyphae. In KOH-calcofl our fl uorescent stain method, Candida yeast cells and hyphae shows 
fl uoresce [65]. A smear from the lesions site can stain with gram stain or by the periodic acid 
Schiff methods, Candidal hyphae and yeasts appear dark blue and red/purple respectively. In 
chronic hyperplastic candidiasis, the presence of blastospores and hyphae or pseudohyphae 
are detected by using either the periodic acid Schiff or gomori’s methenamine silver stains. 
Swabs of a lesional site or oral rinse techniques are relatively simple method to detect 
fungal growth and semiquantitative estimation. The collected samplesare subsequently 
inoculated on Sabouraud’s dextrose agar media. After 24-48 h of incubation at 37°C, growth 
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acquired through inhalation of fungal spores from environmental sources. The two common 
human and animal pathogenic Cryptococcusis species are C. neoformans and C. gattii. 
The C. neoformans is more prevalent in causing meningitis in immunocompromised hosts 
and is distributed worldwide. Whereas, C. gattii infects both immunocompromised and 
immunocompetent hosts, and geographically restricted to tropical and subtropical regions, 
mostly found in eucalypts and other trees [85]. The major environmental sources of C. 
neoformans shown to be either soil contaminated with pigeon droppings (C. neoformans var. 
Neoformans and C. neoformans var. grubii) or eucalyptus trees and decaying wood forming 
hollows in living trees (C. neoformans var. gattii). C. gattii was reported earlier only in tropical 
and subtropical climates, but recently it has emerged as an outbreak in pacifi c northwest 
[86,87]. C. gattii was initially reported to be infected both in human and animals as an 
outbreak in 1999 in British Columbia, Canada. The environmental and clinical isolates of 
C. neoformans overlap in genotypic and phenotypic patterns. The two species C. neoformans 
and C. gattii have been seperated based on the geographical distribution, ecological niches, 
epidemiology, pathobiology, clinical presentation and molecular characterization.

After the AIDS epidemic in the 1980s, Cryptococcosisemerged as an important opportunistic 
pathogen infection in AIDS patients. Therefore, cryptococcal meningitis is considered as one 
of the AIDS defi ning conditions. The incidence of Cryptococcosis is approximately 5%-10% 
of all AIDS patients in the USA, Europe and Australia [74]. Cryptococcusis infects central 
nervous system, and causes one of the most frequent neurological complication in AIDS 
patients. Neuropathological conditions are present approximately in 70% to 90% of AIDS 
patients.The incidence of Cryptococcosis is prevelant among patients with AIDS in Africa 
and Southeast Asia than in the United States, whereas it appears less frequently in Europe. 
According to the United Nations Program on HIV/AIDS and the world Health Organization 
(http://www.unaids.org/), 2.7 million people are newly infected with HIV/AIDS disease 
worldwide,out of which, 1.8 million patients die from AIDS related causes.Centers for 
Disease Control and Prevention (CDC, Atlanta, USA, http://www.cdc.gov/) estimated that 
C. neoformans and C. gattii infections cause one million cases of cryptococcal meningitis 
per year among HIV/AIDS patients, resulting in nearly 625,000 deaths. Globally, the rates 
of Cryptococcusis meningitis incidence among people with HIV/AIDS are estimated to have 
risen to 12% per year [75]. The major burden of Cryptococcosis occurs in sub-Saharan Africa, 
where mortality is estimated to be 50% to 70%. The incidence of Cryptococcosis in Africa and 
Southeast Asia is relatively more common as an AIDS-related infection than in Europe or 
North America [88]. In Uganda, the incidence of cryptococcal disease was estimated to 10.3 
cases per 100 persons, of those 17% of deaths among HIV-1-infected adults [89]. In South 
Africa, Cryptococcusis meningitis was found to cause 13% to 44% of all deaths among HIV-
seropositive cohorts [90]. In Malawi, cryptococcal meningitis is the most common disease 
with 40% of cases from HIV-infected people. Where as in Thailand, Cryptococcosis accounted 
for 19% of AIDS-defi ning illnesses [91]. The high incidence of Cryptococcosis in parts of 
Africa and Asia may be due to high exposure of the pathogen. The high mortality is due to 
lack of early diagnosis, access to the treatment and ineffective distribution of high active 
antiretroviral therapy (HART) in the areas of high HIV prevalence. However, the incidence 
of Cryptococcosis is decreasing among AIDS patients in USA and other developed countries 
due to the availability of HART and the mortality is 12%. The HART regimens are capable of 
suppressing viremia thereby enhancing the immune system of the patients. Consequently, 
HART treatment caused a signifi cant reduction in morbidity and mortality associated with 
incidence of cryptococcal meningitis in HIV patients in countries where early access to early 
diagnosis during initial stages of the infection [92].

Microbiology and life cycle 
C. neoformans is an unicellular encapsulated budding yeast. The cells are round-to-

oval shape, measuring 4-6 μm, surrounded by a polysaccharide capsule ranges from 1 to 
>30 μm when cultivated in the laboratory condition. Capsule production is demonstrated 
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[106]. The geographical distribution of all these four serotypes are unequal. C. neoformans 
isfound worldwide and responsible for the cryptococcal infections in immunocompromised 
individuals, and it has a predilection to infect the central nervous system (CNS) and to cause 
cryptococcal meningitis. Serotype A cause majority of the infection which is responsible 
for 95% of Cryptococcosis, whereas serotype D includes only 30-70% of infection [108]. 
Based on the mating type, C. neoformans occurs in two diomorphic forms, corresponding 
to the two opposite mating types a and α. Mating assays can be done by co-cultivting a 
and α mating type on V8 media and scoring fi lamentation and basidiospore formation after 
incubation [109]. Molecular analysis of mating type can be analysed by PCR amplifying 
MAT locus specifi c products. C. neoformans var. grubii and var. neoformans are distributed 
worldwide in different geographical regions showing differences in the strain occurrence. A 
study in 1996 of 356 clinical isolates obtained from different parts of the world showed that 
96% of the isolates were serotype A (78% VNI and 18% VNII), 3% serotype D (VNIV) and 1% 
serotype AD (VNIII). However, serotype D is much more common in Europe and India [110].

Virulence and pathogenicity
The pathogenesis of Cryptococcosis is multifactorial and involves the combined action 

of many virulence factors. The virulence factors of C. neoformans is required not only for 
mammalian pathogenesis but also for environmental survival under selection pressure. The 
primary infection of the pathogen is usually asymptomatic and may be eradicated or dormant 
in the lungs granulomata. However, depending on the host defense, it may replicate in the 
human host and dessiminate extrapulmonary sites including brain. Recently, virulence 
factors of Cryptococcusis has gained considerable attentions, and molecular analysis have 
been used to determine virulence factors. C. neoformans and C. gattii appeared to share 
many of the same virulence factors to increase their ability to invade and survive in a host. 
The major virulence factors are the prominent large capsule, ability to grow at 37°C and 
laccase and melanin to combat oxidative damageby the hosts [111].

The capsule: The Cryptococcusis capsule is made up of polysaccharides, proteins and 
pigments. Interestingly, Cryptococcusis is the only eukaryotic pathogenic fungus that 
produces a polysaccharide which serves as the major virulence factor. The polysaccharide 
capsule is a remarkable structure that gives distinct appearance to a C. neoformans 
cell. Morphologically, the polysaccharide capsule can be visualized under microscope 
with the help of India ink or with immunofl uorescence. The capsule is composed of the 
glucuronoxylomannan (90–95%) polysaccharides and glucuronoxylomannogalactan (5–
10%) together with mannoproteins (1%) [112]. Mannoprotein is an immunodominant peptide 
which is recognised by antigen-specifi c T cell, that is involved in the cell mediated immunity 
[113] and cytokine production [114]. However, glucuronoxylomannan is recognized by the 
Toll-like receptor 2 and 4 on the innate immune cells, such as macrophages and dendritic 
cell. Both of these capsular components are critical factors in cryptococcal immunity for the 
activation of macrophages and fungal clearance. The capsule is typically 4–6 mm in thick 
but can grow as large as 30 mm. Capsular mutants are much more readily phagocytosized 
than their parental strains [115]. The capsular polysaccharide components are shed during 
replication, and which can be recovered from the culture supernatant and also from serum 
of the infected patients [116,117].

Growth at 37°C: Temperature is an important environmental signal for C. neoformans 
growth. The ability of Cryptococcusis to grow at 37°C is also considered as a virulence factor. 
The invitro growth temperature of 39°C to 40°C signifi cantly reduces the growth rate of C. 
neofomrans and C. gattii and most strains are killed within 24h. The temperature sensitive 
ROM2 gene mutants of C. neoformans have impaired growth at 37°C and were correlated 
with low virulence [118]. Mouse model studies have demonstrated that thecalcineurin 
A1mutants did not grow at 37°C and iron regulating EIR1 mutants are sensitive at 37°C and 
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damage and provide nutrient to the pathogen toestablish in the host. The degradation of 
the host components can aid pathogen to escape from host phagosomal compartments 
and protect from the host immune response [138]. C. neoformans produces and release 
D-mannitol both in vitro and in vivo systems and it protects the pathogen against oxidative 
killing by scavenging distal reactive oxygen intermediates. A UV induced mannitol mutant 
that produces very less (10%) mannitol compared to wild type and showed less virulence in 
the mice model [139,140]. 

Pathogenicity: Cryptococcusis infection is acquired through inhalation of small yeast 
cells or basidiospores. The primary pulmonary infection is normally asymptomatic and may 
be eradicated or enter into dormant stage within the granuomata. However, depending on 
the pathogen inoculum, isolate virulence and host factors, the organism may disseminate 
to extrapulmonary sites, with a particular predilection for the brain. The primary initial 
defense against cryptococcal invasions is the macrophages and complement-mediated 
phagocytosis [141]. The other important host factors for defense against Cryptococcusis 
infection include CD4+ and CD8+ T cells, as well as cytokines such as tumor necrosis 
factor-a, interferon-c and interleukin-18 [142,143]. In immunocompormised patients, 
however, the absence of an intact cell-mediated response results in ineffective ingestion of 
the organism leading to dissemination and increased cryptococcal burden [144-146]. The 
capsular glucuronoxylomannan has antiphagocytic property. However, exopolysaccharides 
of the capsule is thought to act as a virulence factor by suppressing the immune response 
and inhibiting leukocyte migration. C. neoformans possess membrane-bound phenoloxidase 
enzymes which are able to convert phenolic compound into melanin. The ability to synthesize 
melanin from catecholamines that are present in the brain tissue in large concentrations 
make the organism to invade the CNS [147].

Cryptococcusis infection in immunocompromised host
The increase in Cryptococcusis infection is due to the use of antineoplastic and 

immunosuppressive agents, organ transplants, broad-spectrum antibiotics, more aggressive 
surgery, cancer, prosthetic device etc., which results in a larger population with signifi cant 
immune system defects. Cryptococcusis enter the host through inhalation and can cause 
asymptomatic colonization to severe pneumonia. In immunocompromised persons, however, 
particularly HIV-infected persons with CD4<100, the infection can reactivate and spread 
throughout the body. The organism may cause pulmonary infection in paticularly AIDS 
patients, and impaired T cell mediated immunity patients [148]. In additon, it can also infect 
various organs of the body including skin, eye and mouth, but eventually it reach the lungs and 
central nervous systems (brain) [149]. The most HIV-related cases of Cryptococcosis (>90%) 
are caused by Cryptococcusis var. grubii (serotype A), while Cryptococcusis var. neoformans 
(serotype D) is responsible for few cases especially in Europe, and a small percentage of C. 
gattii infection (serotypes B and C). Although C. neoformans and C. gattii have been divided 
into separate species, most clinical laboratories will not identify Cryptococcusis to the species 
level. Meningitis is the most frequent manifestation of Cryptococcosis of the central nervous 
system. The blood-borne C. neoformans cells, which exist freely in the blood or within the 
phagocytic cells make contact with brain endothelial cells and then transmigrate into the 
brain parenchyma to cause meningoencephalitis [150]. Infection of the subarachnoid space 
is accompanied by involvement of the brain parenchyma, and causes meningoencephalitis 
in 40%-86% of patients [151]. C. neoformans infection has been reported in a diabetic renal 
transplant recipient with cellulitis, organ transplants and cancer patients especially those 
with chronic leukemia and lymphoma are at high risk of having cryptococcal meningitis. 
Cryptococcosis was also reported in 0.3% to 2% of liver transplant recipients, 2.9% of 
kidney transplant recipients and persons amongst thosereceiving corticosteroid therapy, 
particularly people with diabetes mellitus.
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sequences, among which ITS, URA5, CAP59 and M13 [167]. Study on molecular diagnosis 
of Cryptococcusis demonstrated that PCR showed highest sensitivity (92.9%) compatred to 
culture (85.5%) and india ink test (76.8%). 

The incidence of cryptococcal infection was drahmatically increased due to AIDS epidemic 
in the year 1980s until early 1990. Development of more effective antiretroviral therapy and 
prophylactic treatment regiments, the Cryptococcosis has been declined in Europe and USA 
since mid-1990 [168]. The cryptococcal infection, however, is still documented as one of 
the major common life-threatening opportunistic fungal infections in immunocompromised 
patients, in particular HIV infected patients. Use of antiretroviral treatment has dramatically 
improved the long-term prognosis of patients with HIV-associated cryptococcal disease. 
However, the incidence and acute mortality of HIV-associated cryptococcal meningitis 
remain high. The cryptococcal infection in the central nervous system is more prevalent in 
AIDS patients and was reported to be 46%. When cryptococcal symptoms occurs, patients 
should seek medical care immediately. The treatment of Cryptococcusis infection depends 
on the patient’s overall conditions and the extent of infection. The goal of treatment is to 
eliminate the fungi, some patients may require surgery to remove a fungal mass or some 
patients may require appropriate medication. Immunocompromised patients are treated 
with amphotericin B alone or combined with fl ucytosine. Antifungal treatment is used for 
brain and severe lung infections. The treatment usually extended until the spinal fl uid test 
negative in patients with brain infection, and lung lesions should show decrease in size in 
response to antifungal therapy. 

Conclusion
In the past few decades, advancement of medical procedures in cancer therapy, 

transplantology and antibiotic treatment has led to increasing frequency of invasive fungal 
infection and mortality rate.Infection with Candida and Cryptococcusis yeasts depends 
on the host susceptibility and host-pathogen interactions. In addition to host immune 
system, virulence property of the pathogen also infl uence on the disease outcome. Better 
understanding of clinical manifestation and diagnosis of Candida and Cryptococcusis yeasts 
in immunocompromised host will lead to the discovery of effective prevention and treatment 
strategies. 
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Dimorph and Filamentous Fungi
The fungi are more evolutionarily advanced forms of microorganisms, as compared to the 

prokaryotes (such as bacteria).Fungi are commonly divided into two distinct morphological 
forms: yeasts and hyphae (or fi lamentous). Yeasts are unicellular fungi which reproduce 
asexually by blastoconidia formation (budding) or fi ssion. Pure forms of yeasts fall outside 
the scope of this chapter.

Hyphae are multi-cellular fungi which reproduce asexually and/or sexually. Such fungi 
are more commonly referred to as ilamentous fungi or simply as moulds. Filamentous fungi 
are composed of very fi ne threads (hyphae). Hyphae grow at the tip and divide repeatedly 
along their length creating long and branching chains. Most fi lamentous fungi grow in a 
polar fashion (by extension into one direction) by elongation at the tip (apex) of the hypha 
[4]. The hyphae continue to grow and intertwine until they form a network of threads called 
a mycelium. Digestive enzymes are secreted from the hyphal tip. These enzymes break down 
the organic matter found in the soil into smaller molecules which are used by the fungus as 
a nutrient source. Some of the hyphal branches grow into the air and spores form on these 
aerial branches [5]. Fungal spores are either unicellular or multicellular, which develop into 
a number of different phases of the complex life cycles of the fungi. Fungi are often classifi ed 
according to their spore-producing structures, for example, spores produced by an ascus 
are characteristic of ascomycetes.

Dimorphic fungi are fungi which can exist as mould/hyphal/fi lamentous form or as 
yeast [6]. Examples include Penicillium marneffei, Coccidioides immitis, Paracoccidioides 
brasiliensis, Candida albicans, Ustilago maydis, Blastomyces dermatitidis, Histoplasma 
capsulatum, and Sporothrix schenckii. Dimorphism is a rare phenomenon and very few fungi 
exhibit dimorphism. Most fungi occur in the hyphae form as branching, threadlike tubular 
fi laments.

Many fungi produce biologically active compounds, several of which are toxic to animals or 
plants and are therefore called mycotoxins. This can lead to human disease (mycotoxicosis). 
The symptoms of a mycotoxicosis depend on the type of mycotoxin; the concentration and 
length of exposure; as well as age, health, and sex of the exposed individual [7].

Characterisation of Fungi
Accurate identification of an infecting fungal species is the key to selecting the 

appropriate anti-fungal treatment. For example, many Candida species, including C. 
albicans, C. parapsilosis and C. tropicalis, are reliably susceptible to the antifungal 
compound fluconazole, whereas others, such as C. glabrata and C. krusei, display reduced 
susceptibility or resistance to fluconazole [8]. Therefore, characterising the fungus is 
important for targeting the specifi c treatment.

Identifi cation of fungal isolates from clinical environments using standard identifi cation 
procedures requires experienced and skilled laboratory staff. When infections are assumed, 
accurate fungal identifi cation is needed if the contamination source has to be determined 
and tracked. 

Some identifi cation systems are available for the identifi cation of fungi, including 
biochemical systems such as the API Candida, Omnilog and Vitek [9]. There has also 
been some advancement with genotypic techniques.  For fi lamentous fungal identifi cation, 
however, this needs more expensive methods such as PCR-based internal transcribed 
spacer regions (ITS) sequencing by molecular methods. Advances have also been made with 
newer techniques, such as beta-D-glucandetection (using a (1–3)-β-D-Glucanassays, based 
on the Limulus amebocytelysate test) for the detection of fungal infections.

In contrast to such expensive tests, conventional culture and staining methods can 
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fungal structures, and cotton blue which stains the chitin in the fungal cell walls [14]. For 
the removal of a portion of the fungus for examination from agar, a method like the adhesive 
tape technique is routinely used [15]. 

Where a confi rmed culture of a mould (including Aspergillus species, Fusarium species, 
zygomycetes, Scedosporium species) or C. neoformans from sputum is isolated, the likelihood 
of a fungal infection is high [16]. Fungi can also be detected from a positive culture or 
cytology/direct microscopy for moulds from sinus aspirate; specifi c antigens from blood; 
identifi cation from sterile body fluids; urine samples; blood culture; or from pulmonary 
abnormality [17]. Where a fungal infection is suspected, skin samples, scrapings, nail 
clippings and hair debris can additionally be taken. 

Infection Control Measures
There are three models of anti-fungal control. These are therapeutic administration 

to treat clinical infection using anti-fungal drugs; and prophylactic and pre-emptive 
administration to prevent or abort a clinical infection [18].

In terms of prophylactic approaches, the emphasis is upon prevention of infection. 
Infections of immunocompromised hosts can arise from several settings. These include: the 
general environment (termed ‘community based’); from within clinical and hospital settings; 
and from contaminated medications. 

Many of the disease causing microorganisms which cause infections in 
immunocompromised hosts are spread via hospitals, such as through hospital air-systems, 
especially where the air has not passed through a HEPA (high effi ciency particulate air) 
fi lter [19]; and via transmission by healthcare workers. Hand hygiene is a primary part 
of preventing multidrug-resistant organism (MDRO) transmission. Facilities should ensure 
that healthcare personnel are trained in correct hand hygiene technique, using alcohol 
based hand sanitizers (such as 70% iso-propyl alcohol) [20]. Effective hand sanitisation 
should apply to hospital visitors as well as to healthcare workers. Other effective measures 
include observing strict isolation procedures, observing aseptic technique, and the careful 
cleaning, disinfection and monitoring of respirators, catheters, and other instruments.

Patients in acute care settings who are colonised or infected with pathogenic 
microorganisms should be placed under special precautions (which may include isolation). It 
also stands that systems should be in place to identify patients with a history of colonisation 
or infection at the time of admission so that they can additionally be placed under special 
precautions if required.

Controls should also be applied to medical devices. The use of devices (such as central 
venous catheters, endotracheal tubes, urinary catheters) can put patients at risk from 
device-associated infections, especially if they are not handled or disinfected correctly [21]. 
Control can be achieved through a robust cleaning and disinfection strategy, as well as by 
minimising device use. Such measures can decrease the incidence of associated infections.

Antimicrobial stewardship is another primary part of MDRO control. MDROs are disease-
causing microorganisms that are resistant to a range of different chemicals. Facilities should 
ensure that antimicrobials are used for appropriate indications and duration and that the 
narrowest spectrum antimicrobial that is appropriate for the specifi c clinical scenario is 
used [22]. A further measure is the education of healthcare workers and staff in relation 
to cross-contamination [23]. Control measures should also be applied to the cleaning and 
disinfection of hospital wards and to maintaining hospital water systems in a sanitary state 
so that the bio burden levels are low [24]. 
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morbidity and mortality. Risk factors for invasive fungal infection include malignancy, 
haematopoietic stem cell or solid organ transplantation, neutropenia, chemotherapy, 
corticosteroid use, acquired immunodefi ciency and broad spectrum antimicrobial use. 
Arguably, the number of at risk patients for invasive mycotic infection has increased since 
the early 2000s, as more patients have undergone chemotherapy and transplantation and 
received a growing array of immunosuppressive agents [26].

The three main types of fungal infections, and those that pose the greatest risk to 
immunocompromised hosts, are fungal meningitis, fungal keratitis and onychomycosis. 

These are discussed below.

a) Fungal meningtis

Fungal meningitis can develop after a fungus spreads through the bloodstream from 
somewhere else within the body. The condition develops as a result of the fungus being 
introduced directly into the central nervous system, or from an infected body site infection 
next to the central nervous system. One of the most common causes of fungal meningitis for 
people with weak immune systems is Cryptococcus. 

Fungal meningitis can also occur after taking medications that weaken the immune 
system. Examples of these medications include steroids (such as prednisone), medications 
given after organ transplantation, or anti-TNF (anti-tumor necrosis factor) medications, 
which are sometimes given for treatment of rheumatoid arthritis or other autoimmune 
conditions.

Different types of fungi are transmitted in several ways. Cryptococcus is considered to 
be acquired through inhaling soil contaminated with bird droppings; similarly Histoplasma 
is found in environments with heavy contamination of bird or bat droppings. In contrast, 
Blastomyces is thought to exist in soil rich in decaying organic matter; whereas Coccidioides 
is found in the soil of endemic areas (for example: South western US and parts of Central 
and South America). When these environments are disturbed, the fungal spores can be 
inhaled. Aside from these environmental sources, Candida is usually acquired in a hospital 
setting.

Signs and symptoms of fungal meningitis may include the following:

• Fever,

• Headache,

• Stiff neck,

• Nausea and vomiting,

• Photophobia (sensitivity to light),

• Altered mental status.

Fungal meningitis can be treated with long courses of high dose anti-fungal medications. 
These are usually given through an intravenous feed in a hospital. The length of treatment 
depends on the status of the immune system and the type of fungus that caused the infection. 
For people with immune systems that do not function well because of other conditions, like 
AIDS, diabetes, or cancer, treatment is often longer.

b) Fungal keratitis

Keratitis is an infl ammation of the cornea and it is often caused by an infection. Bacteria, 
viruses, amoeba, and fungi can all cause keratitis. Fungal keratitis is an infl ammation 
of the cornea. The types of fungi that have been known to cause fungal keratitis include: 
Fusarium spp., Aspergillus spp., and Candida spp [27].
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Pathogenic Dimoprhic and Filamentous Fungi
There are several species of fungi that are known, and common, pathogens to human 

hosts [37]. These can be divided into three groups:

a) Opportunistic infections

Opportunistic infections include ecryptococcosis and aspergillosis. These infections are 
problematic for people with weakened immune systems, such as cancer patients, transplant 
recipients, and people with HIV/AIDS.

b) Hospital-associated infections

Hospital acquired infections include candidemia, which is the leading cause of bloodstream 
infections.  An associated risk is that advancements and changes in healthcare practices 
can, as this chapter has discussed, provide opportunities for new and drug-resistant fungi 
to emerge in hospital settings [38].

c) Community-acquired infections

Infections within the general populace include coccidioidomycosis, blastomycosis, and 
histoplasmosis. These diseases are caused by fungi that are abundant in the environment, 
such as soil, on plants, or in compost heaps.  Climate change may affect these fungi, given 
that small changes in temperature or moisture can affect fungal growth, leading to an 
increased level of incidents.

Primary fungal infections
The main species of fungi which are most commonly associated with diseases in 

immunocompromised hosts are:

a) Aspergillus

Aspergillus is a common fungus that can be found in indoor and outdoor environments. 
Aspergillus thrives on a variety of substrates such as corn, decaying vegetation and soil. 
These fungi are also common contaminants in air. Most people breathe in Aspergillus spores 
every day without being affected. 

Aspergillosis is a disease caused by fungi within this genus and it usually occurs in 
people with lung diseases (such as cystic fi brosis) or weakened immune systems [39]. The 
spectrum of illness includes allergic reactions, lung infections, and infections in other 
organs [40]. In humans, the major forms of disease are:

• Allergic broncho pulmonary aspergillosis or ABPA, which affects patients with 
respiratory diseases such as asthma, cystic fi brosis, and sinusitis [41].

• Acute invasive aspergillosis, a form that grows into surrounding tissue, more common 
in those with weakened immune systems such as AIDS or chemotherapy patients.

• Disseminated invasive aspergillosis, an infection spread widely through the body.
• Aspergilloma, a “fungus ball” that can form within cavities such as the lung [42].

The clinical manifestation and severity of the disease depends upon the immunologic 
state of the patient [43].There are three clinical types of pulmonary aspergillosis:

1. Allergic hypersensitivity to the organism. Symptoms may vary from mild respiratory 
distress to alveolar fi brosis.

2. Aggressive tissue invasion. Aspergillosis is primarily a pulmonary disease, but the 
aspergilli may disseminate to any organ. They may cause endocarditis, osteomyelitis, 
otomycosis and cutaneous lesions.

3. Fungus ball where the ‘lesion’ (actually a colony of mould growing in the cavity) is 
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• Gastrointestinal. Heartburn, bloating, diarrhea or constipation.

• Respiratory allergy. Rhinitis, sneezing and/or wheezing.

• Central nervous system. Anxiety, depression, memory defi cits and/or loss of ability 
to concentrate.

• Menstrual abnormalities. Severe premenstrual tension and/or menstrual 
irregularities.

• Other Systemic Symptoms. Fatigue, headache and/or irritability.

d) Cladosporium
Cladosporium is a common mould found outdoors, on soil and plants, and indoors, on 

wet surfaces, including wallpaper and carpet. Many species are cosmopolitan fungi isolated 
from soil, plant debris and leaf surfaces. Cladosporium is very frequently isolated from air, 
especially during seasons in which humidity is elevated.

The growth rate of Cladosporium colonies is moderate on Potato Dextrose Agar at 25°C 
and the texture is velvety to powdery. The colony colour ranges from olivaceous green to 
black, from the front and black from the reverse. Most of the Cladosporium spp. do not 
grow at temperatures above 35°C [53]. Examples include Cladosporium cladosporioides, 
Cladosporium sphaerospermum and Cladosporium herbarum.

The most common infections caused by Cladosporium are skin and toenail infections, but 
the fungus can cause sinus and lung infections and eye (corneal) ulcers [54]. Cladosporium 
can also cause allergies and asthma attacks. Although Cladosporium rarely causes infections 
for people, Cladosporium is till recognised as a human pathogen [55].

e) Coccidioides
Coccidioidomycosis is the infection caused by the dimorphic fungus Coccidio idesimmitis 

[56]. Coccidioides is a fungus found in the soil of dry, low rainfall areas. Coccidioidomycosis, 
also known as Valley Fever, is a common cause of pneumonia in endemic areas. At least 
30% – 60% of people who live in an endemic region are exposed to the fungus at some point 
during their lives. In most people the infection is short lasting and not life threatening, 
however for people who develop severe infections or chronic pneumonia, medical treatment 
is necessary. Certain groups of people are at higher risk of developing severe disease [57].

f) Cryptococcus
Cryptococcus is a fungus (a heterothallic basidiomycete) that is found in the soil and 

produces spores that can be inhaled. People can become infected with Cryptococcus early in 
life but be unaware of the infection. If a person’s immune system is weakened (for example, 
by HIV), Cryptococcus can cause a life-threatening infection called cryptococcal meningitis 
[58], an infection of the meninges (the tissue covering the brain)

There are over thirty  different species of Cryptococcus, but two species – Cryptococcus 
neoformans and Cryptococcus gattii – cause nearly all cryptococcal infections in humans 
and animals. Of the two, C. neoformansis the most prevalent (C. neoformans var. grubii 
(serotype A) accounts for the vast majority of the disease worldwide). The fungus is found 
in soil throughout the world. People at risk can become infected after inhaling microscopic, 
airborne fungal spores. Sometimes these spores cause symptoms of a lung infection, but 
other times there are no symptoms at all. In people with weakened immune systems, the 
fungus can spread to other parts of the body and cause serious disease [59].

Cryptococcus is detected using a blood test for the cryptococcal antigen. There are 
primarily two types of commercial tests, latex agglutination and ELISA systems [60].
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handling contaminated plant material, when the fungus enters the skin through a small 
cut or scrape. Pulmonary and disseminated forms of infection, although uncommon, can 
occur. Most cases of sporotrichosis are localised to the skin and subcutaneous tissues [69]. 

Conclusion
This chapter has examined the primary mycotic diseases (arising from dimorphs and 

fi lamentous fungi) that pose a signifi cant risk to the immunocompromised host. What is 
clear from the list of different microorganisms is that many of them are found in the general 
environment on the human body and that they do not; in general, pose a risk to those with 
healthy immune systems. Such mi croorganisms become a risk when the immune system is 
weakened (due to primary or secondary reasons). Thus the immunocompromised person is 
especially vulnerable to opportunistic infections.

As well as outlining the different infectious agents, the chapter has discussed some of the 
microbiological and diagnostic attributes required for the identifi cation of the disease within 
the infected person and for the characterisation of the organism through microbiological 
identifi cation methods. Understanding the type of fungus is important for considering the 
treatment. In relation to treatments the chapter has outlined some of the common anti-
fungal medicines. 
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Introduction
Microsporidia are unicellular eukaryotes, an obligatory intracellular parasite, which for 

many years were considered protozoan, but recently have been reclassifi ed as belonging to 
the kingdom Fungi [1,2]. There are approximately 1,300 named species of Microsporidia, 
most infect invertebrates and fi sh. Eight genera have been described in human hosts: 
Enterocytozoon, Encephalitozoon, Pleistophora, Trachipleistophora, Vittaforma, Brachiola, 
Nosema and Microsporidium, and more than 14 microsporidian species are implicated in 
human pathology [3].

The fi rst human case of microsporidial infection was a case of disseminated Encephalitozoon 
infection in a 9-year-old Japanese boy, who suffered from recurrent fever, headache, 
vomiting, and spastic convulsions, reported by Matsubayashi et al. in 1959 [4]. Few cases 
of microsporidiosis have been described until 1985, when the new species Enterocytozoon 
bieneusi was described in a Haitian acquired immunodefi ciency syndrome - AIDS patient 
from France [5,6], and so many cases of intestinal infection in HIV-positive were reported as 
similar biopsy [7]. Today we know that microsporidia are ubiquitous pathogens that can be 
observed in insects, fi sh and mammals, including man [8].

Life Cycle and Morphology
Microsporidia are eukaryotic, unicellular organisms belonging to the phylum Microspora. 

All microsporidia are obligate, spore-forming, intracellular parasites that invade vertebrates 
and invertebrates cells [8]. The life cycle of microsporidia includes three distinct phases: 
the spores responsible for transmission of infection, the proliferation of vegetative forms of 
intracellular calls schizogony or merogony, and fi nally sporogony or the formation of spores 
[9,10].

The mature and infectious spores of the microsporidia species that infect mammals are 
relatively small, measuring 1.0–3.0 μm x 1.5–4.0 μm (Figure 1) [1]. The spores contain a 
long and convoluted tubular extrusion apparatus (polar tubule), which distinguishes them 
from other organisms and has a crucial role in invasion of host cell [11]. Microsporidian spores 
are relatively resistant in the environment and are surrounded by an outer electron-dense 
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and a thick wall, making the spores mature. The spores spread through the tissues of the 
host by infecting new cells and continuing the cycle [9,14].

Immune Response Against Microsporidia
Cellular immunity is critical for the survival of the hosts infected with E. cuniculi or 

another microsporidian. Mice experimentally infected with E. cuniculi show few clinical 
signs of disease [15]. After inoculation of E. cuniculi, many mammals have chronic infection, 
associated with high antibody titer and a continuous and persistent infl ammation, for 
example persistent encephalitis and nephritis in rabbits [16] or congenital disease in foxes 
[17]. However, there are more susceptible mouse strains and more resistant to infection 
by E. cuniculi, which has been evidenced by the high percentage of infected macrophages 
after the intraperitoneal inoculation, suggesting a genetic basis for resistance innate [15]. 
Because it is an opportunistic agent, the immunodefi cient mice such as athymic and SCID 
are the ones who develop the deadly disease after experimental inoculation of E. cuniculi 
[18,19], generally manifested in the form disseminate and characterized by ascites and the 
presence of spores in all organ systems.

Macrophages are critical in linking innate and acquired immunity. Macrophages, in 
particular located in the gut quickly recognize the microsporidia spores ingested with food 
or water through multiple classes of receptors, including pattern recognition receptors (PRR) 
located on its surface. Further doubts exist regarding these receptors, it is thought to be the 
possibility of Toll-like receptor 2 (TLR2) and TLR4, which activate nuclear factor Kappa B and 
increase secretion of chemokines, which recruit macrophages from monocytes. Additionally, 
the recognition of microsporidia by macrophages can also result in the production of a large 
number of other mediators of defense, including cytokines and reactive oxygen and nitrogen 
[20,21].

T cells are important for protection against infection by E. cuniculi in the normal host 
[20,21]. The role of individual subtypes of T cells during infection by E. cuniculi has been 
described in recent years. The phenotypic analysis of spleen cells from infected animals 
showed an increase in the population of CD8+ T cells starting from day 10 post-infection 
(PI). This increase in CD8+ T lymphocytes continued until day 17 PI, when it was seen an 
increase of more than 3 times in this subtype of cells compared to non-infected control 
animals. Further analysis with activation markers suggested that CD8+ T cells are activated 
on day 3 PI E. cuniculi. In contrast, no signifi cant increase in CD4+ T cells during the course 
of infection [21].

In most cases, CD8+ T cells are activated by IL-2 produced by CD4+ T lymphocytes [22]. 
However, in certain viral infections in vivo was observed response of CD8+ T cells in the 
absence of CD4+ T cells [23]. As mentioned previously [24], the absence of CD4+ T cells does 
not affect the result of infection by E. cuniculi in knockout animals. Thus, infection by E. 
cuniculi is a good example of intracellular parasitic infection, wherein the CD8+ T cells can 
be induced in the absence of CD4+ T cells.

The cytokines IFN-γ and IL-12 are important for protective immunity against a number 
of intracellular infections viral, bacterial and parasitic diseases [25,26]. Studies with 
Encephalitozoon intestinalis showed that mice lacking the gene for IFN-γ are unable to 
control the infection [27]. Based on observations in vitro, it was suggested that IFN-γ also 
plays an important role in protective immunity against infection with E. cuniculi [28,29]. 
However, the importance of IFN-γ in natural infection by E. cuniculi in vivo has not been 
fully elucidated [30]. Mice infected with E. cuniculi and treated with antibodies against IFN-γ 
or IL-12 showed increased mortality. The use of gene knockout mice to Th1 confi rms the 
importance of IFN-γ or IL-12 in the immune response against E. cuniculi.
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Encephalitozoon

Development within parasitophorous 
vacuoles. Spores measure 2.0–2.5 × 
1.0–1.5 μm with fi ve to seven turns of the 
polar tubule

Encephalitozoon intestinalis-Enteritis, cholangitis, 
cholecystitis, peritonitis, nephritis, bronchitis, rhinitis, 
sinusitis, keratoconjonctivitis, disseminated infection 
Encephalitozoon hellem-Keratoconjonctivitis, rhinitis, 
sinusitis, pneumonia, bronchitis, nephritis, uretritis, cystitis, 
prostatic abscess, urinary tract infection
Encephalitozoon cuniculi-Encephalitis, hepatitis, 
cholecystitis, enteritis, nephritis, rhinitis, sinusitis, 
keratoconjonctivitis, disseminated infection

Microsporidium

Microsporidium africanum-Spores measure 
4.5 × 1.5 μm with 15–16 turns of the polar 
tubule and no developmental stages of the 
parasite were seen.
Microsporidium ceylonensis-Spores
measure 1.5 × 3.5 μm, no meronts or 
sporonts were seen.

Microsporidium africanum and Microsporidium ceylonensis-
Cornea ulcer

Nosema Spores measured 3.7 × 1.0 μm Nosema ocularum–Keratoconjonctivitis

Pleistophora 

The parasites develop within a vesicle, 
bounded by a thick parasite-formed coat 
named sporophorous vesicle. Spores 
measured 2.0–2.8 × 3.0–4.0 μm and had 
10–12 turns of the polar tubule

Pleistophora ronneafi e-Myositis

Trachipleistophora 

Trachipleistophora hominis-Spores 
measured 4 × 2.4 μm
Trachipleistophora anthropophthera-Spores 
measured 3.7 × 2.0 μm

Trachipleistophora hominis-Myositis, keratoconjonctivitis, 
sinusitis, rhinitis
Trachipleistophora anthropophthera-Keratitis, myositis, 
encephalitis, disseminated infection

Vittaforma 
Development direct contact with the cell 
cytoplasm. Spores measured 3.7 × 1.0 μm 
and had 6 turns of the polar tubule 

Vittaforma cornea-Keratitis, nephritis

Table 1: Clinical manifestations and biological characteristics of the main species of human microsporidia.

In immunocompetent individuals, infection by E. bieneusi cause self-limiting diarrhea 
lasting about a month (Table 1). The microsporidiosis by E. bieneusi in healthy individuals 
and immunocompent is described in travelers and geriatric persons. Asymptomatic 
infections in children and child-care workers were reported [8,10].

Three pathogenic species of Encephalitozoon that infect humans, Encephalitozoon cuniculi 
and Encephalitozoon hellem, are morphologically similar by light and electron microscopy, 
and can only be distinguished by antigenic, biochemical, or nucleic acid analysis. 

Encephalitozoon infections in immunodefi cient humans and animals result in necrosis 
and lymphocytic infi ltration of affected organs, particularly of small intestine, liver, kidney, 
nasal cavities, sinuses, and pancreas. Several cases of Encephalitozoon infection were 
reported to occur in patients with and without AIDS prior to 1991 [36,37]. The infections by 
species of Encephalitozoon develop in the digestive tract or respiratory tract, respectively, 
by ingestion and inhalation of spores. Encephalitozoon infections are generally widespread, 
but in the case of E. intestinalis can be started by an intestinal infection. Encephalitozoon 
intestinalis as E. bieneusi are responsible for most of microsporidia infections, affecting 
the intestine; however there is a tendency to spread with clinical syndromes that included 
sinusitis, keratoconjunctivitis, encephalitis, tracheobronchitis, interstitial nephritis, 
hepatitis, or myositis (Table 1). Disseminated infections with all three Encephalitozoon spp. 
have been recognized in several severely immunosuppressed HIV-infected patients. 

Disseminated infections with other microsporidian species (N. connori, V. corneae, T. 
hominis, T. anthropophthera) have been reported only as single case reports [10].

Before the AIDS pandemic, ocular microsporidiosis was considered rare. Today ocular 
localization is the second most common localization in humans after gastrointestinal 
infections [38,39]. Ocular microsporidiosis produces keratoconjunctivitis or deep keratitis 
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RNA or the internal transcribed spacer (ITS). Species identifi cation has been accomplished 
by use of species-specifi c primers or pan-microsporidian primers are used (i.e. primers that 
amplify more than one microsporidian species), species identifi cation can be determined by 
subjecting the amplicons to nested PCR with a second set of specifi c primers, restriction 
enzyme digestion to generate a restriction fragment length polymorphism (RFLP) pattern, 
nucleotide sequencing for BLAST analysis, southern analysis using species-specifi c probes, 
or heteroduplex mobility shift analysis. Quantitative PCR is a specifi c highly sensitive 
method with a detection threshold less than 40 spores/mL in stool suspension [45].

Epidemiology
According to geographical location and the diagnostic method used, the prevalence of 

disease among HIV-positive patients ranges between 1.7% and 50% [1,3,9]. In the 90s, 
before the use of effective antiretroviral therapy in HIV-positive patients with diarrhea were 
identifi ed prevalence rates of 30 and 44% by intestinal biopsy [50,51]. Since the administration 
of antiretroviral therapy has enabled HIV-infected patients to restore their immune status, 
the number of cases of microsporidia infections has dropped off dramatically in developed 
countries, for example, was observed in 3.9% of HIV-positive patients with diarrhea in 2003 
[52]. But other immunodefi ciency may also modify the host-parasite balance. They have 
various origins: pathological, other than AIDS (cytomegalovirus infections, cancers such as 
leukaemia); post-therapeutic (massive and prolonged corticotherapy, immunosuppressive 
treatments against transplant rejection); congenital defi ciency in immunoglobulins, or even 
gerontological [31,53-55].

Microsporidia have been considered to be ubiquitous organisms found throughout the 
environment, and potential reservoirs of microsporidia species that can be transmitted 
to humans include other infected humans, animals, food and water (Figure 3). Zoonotic 
transmission of microsporidia also is likely since a wide range of animals are infected with 
species and genotypes of microsporidia that infect humans, and among the risk factors 
associated with microsporidiosis in HIV-infected individuals were association with animals 
and eating undercooked meat [56]. The zoonotic transmission has also been reinforced by 
the description one case of seroconversion in a 10-year-old child in close contact with a dog 
infected with Encephalitozoon cuniculi [57].

The pathways of microsporidia infections, modes, or routes of transmission, and the 
knowledge of the epidemiology are still uncertain. Because microsporidial spores are 
released into the environment via stool, urine, and respiratory secretions, possible sources 
of infection may be persons or animals infected with microsporidia [1,3]. 

Waterborne transmission is one of the main risk factors for intestinal diseases causing 
an important morbidity and mortality worldwide. The presence of human pathogens in 
surface water may suggest the presence of living environmental reservoirs, such as 
domestic and wild animals. Among the latter, aquatic birds may play an important role 
in the transmission of different pathogens [58]. Recent studies suggest the involvement of 
water in the epidemiology of human microsporidiosis [59].

Microsporidia are recognized category B biodefense agents on the National Institutes 
of Health list, and the transmission of microsporidian spores is seriously considered by 
American agencies concerned with the quality of drinking water [59]. We evaluated the 
presence of microsporidia in stool samples from wildlife animals, captured in an area of 
deforestation for the construction of two water reservoirs in the state of São Paulo (Brazil) [60]. 
Microsporidian spores were seen in the stools of 12 animals - 6 small rodents, 3 marsupials 
and 3 hairy-legged vampire bats. This was the fi rst description of microsporidiosis in wildlife 
animals in Brazil and emphasizes the importance of these animals, particularly 
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