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MICROBIAL DISEASES 

TUBERCULOSIS 
 

Tuberculosis (TB) remains a leading infectious killer globally. TB is caused by Mycobacterium 

tuberculosis, which can produce either a silent, latent infection or a progressive, active disease. 

Left untreated or improperly treated, TB causes progressive tissue destruction and eventually 

death. 

 

TB remains out of control in many developing countries—to the point that one-third of the 

world’s population currently is infected. Estimates suggest that 1 person dies of TB in India 

each minute. Given increasing drug resistance, it is critical that a major effort be made to 

control TB before the most effective drugs are lost permanently. 

 

RISK FACTORS FOR INFECTION 

In the United States, TB disproportionately affects ethnic minorities. In 2002, non-

Hispanic blacks accounted for 30% of all TB cases, followed by Hispanics at 27%.6 Asians and 

Pacific Islanders accounted for 22%, whereas non-Hispanic whites accounted for only 20% of 

the new TB cases. TB is most common among people 25 to 44 years of age (35% of all U.S. 

cases in 2002). They are followed by those 45 to 64 years of age (28%) and 65+ years of age 

(21%). 

HIV is the most important risk factor for active TB, especially among people 25 to 44 

years of age. TB and HIV seem to act synergistically within patients and across populations, 

making each disease worse than it might otherwise be. Roughly 10% of U.S. TB patients are 

coinfected with HIV, and roughly 20% of TB patient’s ages 25 to 44 years are coinfected. 

Once infected with M. tuberculosis, a person’s lifetime risk of active TB is about 10%. 

The greatest risk for active disease occurs during the first 2 years after infection. Children 

younger than 2 years and adults over 65 years of age have 2 to 5 times greater risk for active 

disease compared with other age groups. 

 

ETIOLOGY 

M. tuberculosis is a slender bacillus with a very waxy outer layer. It is 1 to 4 microns in length, 

and under the microscope, it is either straight or slightly curved in shape. Among the 

mycobacteria, only M. tuberculosis is a frequent human pathogen. Some nontuberculous 

mycobacteria (NTM) such as M. kansasii, M. fortuitum, and M. avium complex (MAC) cause 

infections in patients with other medical problems, especially the acquired immunodeficiency 

syndrome (AIDS). 

 

TRANSMISSION 

M. tuberculosis is transmitted from person-to-person by coughing or sneezing. This produces 

“droplet nuclei” that are dispersed in the air. Each droplet nuclei contains one to three 

organisms. About 30% of individuals who experience prolonged contact with an infectious TB 
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patient will become infected. A person with cavitary, pulmonary TB and a cough may infect 

roughly one person per month until he or she is treated effectively, although this number can 

vary significantly. A person with the uncommon laryngeal form of TB can spread organisms 

even when talking, so the transmission rates can be very high. HIV-infected patients acquire 

the organisms through the lungs just like normal hosts, but their weakened immune system 

puts them at very high risk for active disease.  

 

PATHOPHYSIOLOGY 

Once inhaled, the infectious droplets settle throughout the airways. The majority of the 

bacilli are trapped in the upper parts of the airways where the mucus-secreting goblet cells 

exist. The mucus produced catches foreign substances, and the cilia on the surface of the cells 

constantly beat the mucus and its entrapped particles upward for removal. This system 

provides the body with an initial physical defence that prevents infection in most persons 

exposed to tuberculosis.  

Good T-lymphocyte responses are essential to controlling M. tuberculosis infections. In 

the mouse model, two different T-cell responses—the type 1 T-helper (TH1) response and the 

type 2 T-helper (TH2) response—have been described.  

The TH1 response is the preferred response to TB, and the TH2 response, including the 

potentially subversive influence of interleukin 4 (IL-4), is undesirable.  

In either case, T-lymphocytes activate macrophages that, in turn, engulf and kill 

mycobacteria. T-lymphocytes also destroy immature macrophages that harbour M. 

tuberculosis but are unable to kill the invaders. CD4+ cells are the primary T cells involved, with 

contributions by gamma-delta T cells and CD8+ T cells.  

CD4+ T cells produce interferon-γ (IFN-γ ) and other cytokines, including IL-2 and IL-10, 

that coordinate the immune response to TB.  

 

M. tuberculosis has several ways of evading or resisting the host immune response. 

In particular, M. tuberculosis can inhibit the fusion of lysosomes to phagosomes inside 

macrophages. This prevents the destructive enzymes found in the lysosomes from getting to 

the bacilli captured in the phagosomes. This stay of execution allows time for M. tuberculosis 

to escape into the cytoplasm. 

Virulent M. tuberculosis are able to multiply in the macrophage cytoplasm, thus 

perpetuating their spread. Finally, lipoarabinomannan (LAM), the principal structural 

polysaccharide of the mycobacterial cell wall, inhibits the host immune response.20,21 LAM 

induces immunosuppressive cytokines, thus blocking macrophage activation, and LAM 

scavenges O2, thus preventing attack by superoxide anions, hydrogen peroxide, singlet oxygen, 

and hydroxyl radicals.  

The progression to clinical disease depends on three factors: (1) the number of M. tuberculosis 

organisms inhaled (infecting dose), (2) the virulence of these organisms, and (3) the host’s cell-

mediated immune response. 
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At the alveolar surface, the bacilli that were delivered by the droplet nuclei are ingested by 

pulmonary macrophages. If these macrophages inhibit or kill the bacilli, infection is aborted. If 

the macrophages cannot do this, the organisms continue to multiply. The macrophages 

eventually rupture, releasing many bacilli, and these mycobacteria are then phagocytized by 

other macrophages. This cycle continues over several weeks until the host is able to mount a 

more coordinated response. During this early phase of infection, M. tuberculosis multiplies 

logarithmically. These microbs then enter the lymph circulation and start to develop over 

there.  

 

CLINICAL PRESENTATION 

TB in the elderly is easily confused with other respiratory diseases. Many clinical 

findings are muted or absent altogether. Compared with younger patients, TB in the elderly is 

far less likely to present with positive skin tests, fevers, night sweats, sputum production, or 

hemoptysis. Weight loss may occur but is nonspecific. In contrast, mental status changes are 

twice as common in the elderly, and mortality is six times higher. 

TB in children, especially those younger than 12 years of age, may present as a typical 

bacterial pneumonia and is called progressive primary TB. Clinical disease often begins 1 to 2 

months after exposure and precedes skin-test positivity. Unlike adults, pulmonary TB in 

children often involves the lower and middle lobes. Dissemination to the lymph nodes, 

gastrointestinal and genitourinary tracts, bone marrow, and meninges is fairly common. 

Because of delays in recruitment of cellular immunity, cavitary disease is infrequent, and the 

number of organisms present typically is smaller than in an adult. Because cavitary lesions are 

uncommon, children do not spread TB readily. 
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LEPROSY 
 

Leprosy, also known as Hansen's disease, is a chronic infectious disease caused 

by Mycobacterium leprae, a microorganism that has a predilection for the skin and nerves. The 

disease is clinically characterized by one or more of the three cardinal signs: hypo-pigmented 

or erythematous skin patches with definite loss of sensation, thickened peripheral nerves, and 

acid-fast bacilli detected on skin smears or biopsy material. M. leprae primarily infects 

Schwann cells in the peripheral nerves leading to nerve damage and the development of 

disabilities. Despite reduced prevalence of M. leprae infection in the endemic countries 

following implementation of multidrug therapy (MDT) program by WHO to treat leprosy, new 

case detection rates are still high-indicating active transmission. The susceptibility to the 

mycobacteria and the clinical course of the disease are attributed to the host immune 

response, which heralds the review of immunopathology of this complex disease. 

 

The entry route of M. leprae into the human body is also not definitively known. The skin and 

the upper respiratory tract are most likely; however, recent research increasingly favours the 

respiratory route. Two exit routes of M. leprae from the human body often described are the 

skin and the nasal mucosa.  

 

RISK FACTORS 

Those living in endemic areas with poor conditions such as inadequate bedding, contaminated 

water, and insufficient diet, or other diseases that compromise immune function are at highest 

risk for acquiring M. leprae infection. There has been concern that coinfection with HIV might 

exacerbate the pathogenesis of leprosy lesions and/or lead to increased susceptibility to 

leprosy as it is seen with tuberculosis. 

 

PATHOGENESIS 

Immunology of Leprosy 

Like in tuberculosis, the immune response in leprosy is also T cell-mediated delayed 

hypersensitivity (type IV reaction) but the two diseases are quite dissimilar as regards immune 

reactions and lesions. M. leprae do not produce any toxins but instead the damage to tissues 

is immune-mediated. This is due to following peculiar aspects in immunology of leprosy: 

 

1. Antigens of leprosy bacilli Lepra bacilli have several antigens. The bacterial cell wall contains 

large amount of M. leprae-specific phenolic glycolipid (PGL-1) and another surface antigen, 

lipo-arabinomannan (LAM). These antigens of the bacilli determine the immune reaction of 

host lymphocytes and macrophages. Another unique feature of leprosy bacilli is invasion in 
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peripheral nerves which is due to binding of trisaccharide of M. leprae to basal lamina of 

Schwann cells. 

 

2. Genotype of the host Genetic composition of the host as known by MHC class (or HLA type) 

determines which antigen of leprosy bacilli shall interact with host immune cells. Accordingly, 

the host response to the leprosy bacilli in different individuals is variable. 

 

3. T cell response: 

 There is variation in T cell response in two main forms of leprosy: 

i) Unlike tubercle bacilli, there is not only activation of CD4+ T cells but also of CD8+ T cells.  

ii) CD4+ T cells in lepra bacilli infected persons act not only as helper and promoter cells but 

also assume the role of cytotoxicity. 

iii) The two subpopulations of CD4+ T cells (or T helper cells) — TH 1 cells and TH 2 cells, 

elaborate different types of cytokines in response to stimuli from the leprae bacilli and 

macrophages. 

iv) In tuberculoid leprosy, the response is largely by CD4+ T cells, while in lepromatous leprosy 

although there is excess of CD8+ T cells (suppressor T) but the macrophages and suppressor T 

cells fail to destroy the bacilli due to CD8+ T cell defect. 

 

4. Humoral response  

Though the patients of lepromatous leprosy have humoral components such as high levels of 

immunoglobulins (IgG, IgA, IgM) and antibodies to mycobacterial antigens but these antibodies 

do not have an protective role against lepra bacilli. 
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TYPHOID 
 

The term enteric fever should not be viewed as old fashioned. The enteric fevers are severe 

systemic forms of Salmonellosis. The best studied enteric fever is typhoid fever. The causative 

organism of typhoid is Salmonella typhi, and Salmonella paratyphi A, B or C of the paratyphoid 

fevers. 

 

Pathogenesis  

 

Salmonella organisms penetrate the mucosa of both small and large bowel, coming to 

lie intracellularly where they proliferate. 

Initially S. typhi proliferates in the second part of the Payer’s patches of the lower small 

intestine from where systemic dissemination occurs, to the liver, spleen, and 

reticuloendothelial system. For a period varying from 1 to 3 weeks the organism multiplies 

within these organs. Rupture of infected cell occurs, liberating organisms into the bile and for 

a second time cause infection of the lymphoid tissue of the small intestine particularly in the 

ileum. Invasion of the mucosa causes the epithelial cells to synthesise and release various pro-

inflammatory cytokines including IL-1, IL-6, IL-8, TNF-β, INF, ETC.  

Huckstep4 refers to pathology in the Payer’s patches assuming four phases. These 

phases correspond approximately to the weeks of disease if treatment has not been given.  

Phase 1: Hyperplasia of lymphoid follicles.  

Phase 2: Necrosis of lymphoid follicles during the second week involving both mucosa and 

submucosa.  

Phase 3: Ulceration in the long axis of the bowel with the possibility of perforation and 

haemorrhage.  

Phase 4: Healing takes place from the fourth week onward, and unlike tuberculosis of the bowel 

with its encircling ulcers, does not produce strictures. 
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URINARY TRACT INFECTIONS 
 

Infections of the urinary tract represent a wide variety of syndromes, including 

urethritis, cystitis, prostatitis, and pyelonephritis. Urinary tract infections (UTIs) are one of the 

most commonly occurring bacterial infections and account for 8 million patient visits annually. 

Approximately one in three females will have had a urinary tract infection by age 24. Infections 

in men occur much less frequently until the age of 65, at which point the incidence rates in 

men and women are similar. 

A UTI is defined as the presence of microorganisms in the urinary tract that cannot be 

accounted for by contamination. The organisms present have the potential to invade the 

tissues of the urinary tract and adjacent structures. Infection may be limited to the growth of 

bacteria in the urine, which frequently may not produce symptoms. A UTI can present as 

several syndromes associated with an inflammatory response to microbial invasion and can 

range from asymptomatic bacteriuria to pyelonephritis with bacteraemia or sepsis. 

Complicated UTIs are the result of a predisposing lesion of the urinary tract, such as a 

congenital abnormality or distortion of the urinary tract, a stone, indwelling catheter, prostatic 

hypertrophy, obstruction, or neurologic deficit that interferes with the normal flow of urine 

and urinary tract defenses. Complicated infections occur in both genders and frequently 

involve the upper and lower urinary tract. 

 

ETIOLOGY 

The bacteria causing UTIs usually originate from bowel flora of the host. Although virtually 

every organism is associated with UTIs, certain organisms predominate as a result of specific 

virulence factors. 

The most common cause of uncomplicated UTIs is Escherichia coli, which accounts for 85% of 

community-acquired infections. 

Additional causative organisms in uncomplicated infections include Staphylococcus 

saprophyticus (5% to 15%), Klebsiella pneumoniae, Proteus spp., Pseudomonas aeruginosa, and 

Enterococcus spp. (5% to 10%). 

Most UTIs are caused by a single organism; however, in patients with stones, indwelling urinary 

catheters, or chronic renal abscesses, multiple organisms may be isolated. Depending on the 

clinical situation, the recovery of multiple organisms may represent contamination, and a 

repeat evaluation should be done.  

 

PATHOPHYSIOLOGY 

 

ROUTE OF INFECTION 

In general, organisms gain entry into the urinary tract via three possible routes: the ascending, 

hematogenous (descending), and lymphatic pathways. 
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The female urethra usually is colonized by bacteria believed to originate from the fecal 

flora. The short length of the female urethra and its proximity to the perirectal area make 

colonization of the urethra likely. Other factors that promote urethral colonization include the 

use of spermicides and diaphragms as methods of contraception. Although there is evidence 

in females that bladder infections follow colonization of the urethra. Once bacteria have 

reached the bladder, the organisms quickly multiply and can ascend the ureters to the kidneys. 

This sequence of events is more likely to occur if vesicoureteral reflux (reflux of urine into the 

ureters and kidneys while voiding) is present. The fact that UTIs are more common in females 

than in males because of the anatomic differences in location and length of the urethra tends 

to support the ascending route of infections as the primary acquisition route. 

Infection of the kidney by hematogenous spread of microorganisms usually occurs as 

the result of dissemination of organisms from a distant primary infection in the body. Infections 

via the descending route are uncommon and involve a relatively small number of invasive 

pathogens. Bacteraemia caused by S. aureus may produce renal abscesses. 

There appears to be little evidence supporting a significant role for renal lymphatics in 

the pathogenesis of UTIs. There are lymphatic communications between the bowel and kidney, 

as well as between the bladder and kidney. There is no evidence, however, that 

microorganisms are transferred to the kidney via this route. 

 

HOST DEFENSE MECHANISMS 

The normal urinary tract generally is resistant to invasion by bacteria and is efficient in 

rapidly eliminating microorganisms that reach the bladder. The urine under normal 

circumstances is capable of inhibiting and killing microorganisms. The factors thought to be 

responsible include a low pH, extremes in osmolality, high urea concentration, and high organic 

acid concentration. Bacterial growth is further inhibited in males by the addition of prostatic 

secretions. 

The introduction of bacteria into the bladder stimulates micturition, with increased 

diuresis and efficient emptying of the bladder. These factors are critical in preventing the 

initiation and maintenance of bladder infections. Patients who are unable to void urine 

completely are at greater risk of developing UTIs and frequently have recurrent infections. 

Also, patients with even small residual amounts of urine in their bladder respond less 

favourably to treatment than patients who are able to empty their bladders completely. 

After bacteria actually have invaded the bladder mucosa, an inflammatory response is 

stimulated with the mobilization of polymorphonuclear leukocytes (PMNs) and resulting 

phagocytosis. PMNs are primarily responsible for limiting the tissue invasion and controlling 

the spread of infection in the bladder and kidney. They do not play a role in preventing bladder 

colonization or infections and actually contribute to renal tissue damage. 
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CLINICAL PRESENTATION 

The presenting signs and symptoms of UTIs in adults are recognized easily. Women frequently 

will report gross hematuria. Systemic symptoms, including fever, typically are absent in this 

setting. Unfortunately, large numbers of patients with significant bacteriuria are 

asymptomatic. These patients may be normal, healthy patients, elderly patients, children, 

pregnant patients, and patients with indwelling catheters. It is important to note that attempts 

at differentiating upper tract from lower tract infections on the basis of symptoms alone are 

not reliable. 

Elderly patients frequently do not experience specific urinary symptoms, but they will 

present with altered mental status, change in eating habits, or gastrointestinal symptoms. In 

addition, patients with indwelling catheters or neurologic disorders commonly will not have 

lower tract symptoms, whereas flank pain and fever may be recognized. Many of the 

aforementioned patients, however, frequently will develop upper tract infections with 

bacteremia and no or minimal urinary tract symptoms. 
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SEXUALLY TRANSMITTED DISEASES 
The spectrum of sexually transmitted diseases (STDs) has broadened from the classic venereal 

diseases—gonorrhea, syphilis, chancroid, lymphogranuloma venereum, and granuloma 

inguinale—to include a variety of pathogens known to be spread by sexual contact. 

 

GONORRHEA 

 

EPIDEMIOLOGY AND ETIOLOGY 

Neisseria gonorrhoeae is a gram-negative diplococcus estimated to cause up to 600,000 

infections per year in the United States. Humans are the only known natural host of this 

intracellular parasite. Because of its rapid incubation period and the large number of infected 

individuals with asymptomatic disease, gonorrhea is difficult to control. 

The risk of a female acquiring a cervical infection after a single episode of vaginal intercourse 

with an infected male is approximately 50% to 60%, and the risk increases with multiple 

exposures. While the risk of disease transmission from an infected female to an uninfected 

male is less, it still is as high as 20% to 30% following a single act of coitus. No data are available 

on the risk of transmission after other types of sexual contact. 

 

PATHOPHYSIOLOGY 

On contact with a mucosal surface lined by columnar, cuboidal, or noncornified squamous 

epithelial cells, the gonococci attach to cell membranes by means of surface pili and are then 

pinocytosed. The virulence of the organism is mediated primarily by the presence of pili and 

other outer membrane proteins. After mucosal damage is established, polymorphonuclear 

leukocytes (PMNs) invade the tissue, submucosal abscesses form, and purulent exudates are 

secreted. 

 

CLINICAL PRESENTATION 

Individuals infected with gonorrhea can be symptomatic or asymptomatic, have complicated 

or uncomplicated infections, and have infections involving several anatomic sites. Interestingly, 

most of the symptomatic patients who are not treated become asymptomatic within 6 months, 

with only a few becoming asymptomatic carriers of the disease. 
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SYPHILIS 
 

Syphilis usually is acquired by sexual contact with infected mucous membranes or cutaneous 

lesions, although on rare occasions it can be acquired by nonsexual personal contact, 

accidental inoculation, or blood transfusion. The causative organism of syphilis is Treponema 

pallidum, a spirochete. The risk of acquiring syphilis from an infected individual after a single 

sexual encounter is approximately 50% to 60%. After sexual contact, the organism penetrates 

the intact mucous membrane or a break in the cornified epithelium, and spirochetemia occurs. 

 

PRIMARY SYPHILIS 

The primary stage, characterized by the appearance of a chancre on cutaneous or 

mucocutaneous tissue exposed to the organism, is highly infectious. Even without treatment, 

chancres persist only for 1 to 8 weeks before healing spontaneously. Because syphilitic 

chancres can be confused with other infectious etiologies, appropriate diagnostic testing is 

important.  

 

SECONDARY SYPHILIS 

The secondary stage of syphilis is characterized by a variety of mucocutaneous eruptions 

resulting from widespread hematogenous and lymphatic spread of T. pallidum. Skin lesions can 

be either generalized or localized to a small portion of the body and, with the exception of 

follicular lesions, are nonpruritic. Generalized lymphadenopathy also is seen in the majority of 

patients, as are nonspecific symptoms such as mild and transitory malaise, fever, pharyngitis, 

headache, anorexia, and arthralgia. If untreated, secondary syphilis disappears in 4 to 10 

weeks; however, lesions may recur at any time within 4 years. 
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HUMAN IMMUNODEFICIENCY VIRUS INFECTION 
 

The acquired immune deficiency syndrome (AIDS) was first recognized by the medical 

community as a distinct clinical entity in 1981. A retrovirus, human immunodeficiency virus 

type 1 (HIV-1) is the major cause of AIDS. A second retrovirus, HIV-2, also has been recognized 

to cause AIDS, although it is far less prevalent than HIV-1.  

These retroviruses are transmitted primarily by sexual contact and by contact with 

contaminated blood or blood products. Several risk behaviors for the acquisition of HIV 

infection have been identified, most notably the practice of anorectal intercourse and the 

sharing of blood-contaminated needles by injection-drug users. Transmission of HIV between 

heterosexuals and from childbearing women to their offspring is an increasing problem 

worldwide. However, potent combinations of antiretroviral agents, also known as highly active 

antiretroviral therapy (HAART), have been able to suppress HIV replication, delay the onset of 

AIDS, and prolong patient survival. Unfortunately, this success is tempered by the long-term 

toxicities that may arise from using these agents. 

 

ETIOLOGY 

 

HIV is a member of the lentivirinae (lenti, meaning “slow”) subfamily of retroviruses. 

Lentiviruses are characterized by their indolent infectious cycle. There are two related but 

distinct types of HIV, HIV-1 and HIV-2. 

The origin of HIV is of considerable interest. The accumulated evidence suggests that HIV in 

humans was the result of a cross-species transmission (zoonosis) from primates infected with 

simian immunodeficiency virus (SIV). The origin of HIV-1 is less clear, but similarities exist 

between SIVcpz, a virus that infects chimpanzees (Pan troglodytes troglodytes), and HIV-1. 

Cultural practices such as the preparation and eating of bushmeat or keeping chimpanzees as 

pets may have allowed the virus to jump from primate to humans. The earliest known human 

infection with HIV has been traced to central Africa in 1959. 
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PATHOGENESIS 

 

The life cycle of HIV is complicated but necessary to understand because the current strategies 

employed in the treatment of HIV target various points in this cycle. Once HIV enters the 

human body, the outer glycoprotein (gp160) expressed on the virus allows HIV to bind to CD4 

(cluster designation 4) receptors, proteins present on the surface of T-helper lymphocytes, 

monocytes, macrophages, dendritic cells, and brain microglia. 

The glycoprotein consists of two subunits, gp120 and gp41. The gp120 subunit has high 

affinity for CD4 receptors and is responsible for the initial binding of the virus to the cell.  Once 

initial binding occurs, the intimate association of HIV with the cell is further enhanced by 

chemokine coreceptors. The two major chemokine receptors used by HIV are CCR5 and CXCR4. 

Attachment of HIV to the cell promotes fusion and internalization (adsorption) of the virus—a 

process mediated by the gp41 subunit. 

After internalization, the virus is uncoated in preparation for replication. The genetic 

material of HIV is positive-sense single-strand RNA (ssRNA); the virus must transcribe this RNA 

into DNA to optimally replicate in human cells (transcription normally occurs from DNA to 

RNA—HIV works backward, hence the name retrovirus). To do so, HIV is equipped with a 

unique enzyme, RNA-dependent DNA polymerase (reverse transcriptase). Reverse 

transcriptase first synthesizes a complementary strand of DNA using the viral RNA as a 

template. The RNA portion of this DNA-RNA hybrid is then partially removed by ribonuclease 

H (RNase H), allowing reverse transcriptase to complete the synthesis of a double-stranded 

DNA (dsDNA) molecule. 

Following reverse transcription, the final dsDNA product migrates into the nucleus and 

is integrated into the host cell chromosome by integrase, another enzyme unique to HIV. 

Activation of the infected cell by antigens, cytokines, or other factors stimulates the cell 

to produce nuclear factor κB (NF-κB), an enhancer-binding protein. NF-κB normally regulates 

the expression of T-lymphocyte genes involved in growth but also can inadvertently activate 
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replication of HIV. When HIV replication is induced, the host DNA polymerase transcribes the 

integrated proviral DNA into messenger RNA (mRNA) with subsequent translation of the mRNA 

into viral proteins. 

Assembly of new virion particles occurs in a stepwise manner beginning with the 

coalescence of HIV proteins beneath the host cell lipid bilayer. The nucleocapsid subsequently 

is formed with viral ssRNA and other components packaged inside. Once packaged, the virion 

then buds through the plasma membrane, acquiring the characteristics of the host lipid bilayer. 

After the virus buds, the maturation process begins. Within the virion, HIV protease begins 

cleaving a large precursor polypeptide into functional proteins that are necessary to produce 

a complete virus. Without this enzyme, the virion is immature and unable to adequately infect 

cells. 

HIV-1 exhibits a very high turnover rate, with an estimated 10 billion newviruses 

produced each day. More than99%of these viruses are produced in newly infected cells. 

Ultimately, most infected cells will be destroyed from a number of mechanisms, including cell 

lysis by newly budding virions, cytotoxic T-lymphocyte–induced cell killing, syncytia formation, 

or apoptosis. Destruction of the CD4 cells leads to compromised immune function and 

consequently AIDS. 

 

 


