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Toxic shock syndrome as a result of S. aureus infection
Toxic shock syndrome (TSS) is an illness marked by acute onset of fever, hypotension, rash, desquamation and failure of multiple organ systems. It is caused by a bacterial infection, predominantly Staphylococcus aureus, but also commonly caused by group A Streptococcus. Cases of TSS caused by other genera of bacteria (e.g. Clostridium sp.) have been reported as well. Toxic shock syndrome is best known for its association with tampon use (menstrual toxic shock syndrome); however, there are many other causes of infection. Transmission of staphylococcal TSS requires colonization with the bacteria, usually on a fomite placed inside the body or directly as in the case of burn patients whose wounds are susceptible to infection. Toxic shock syndrome can be treated with antibiotics; antibiotic prophylaxis has been shown to be effective in high-risk burn patients5.

Staphylococcus aureus is a common strain of bacteria responsible for triggering toxic shock syndrome. S. aureus’ virulence originates in its ability to secrete toxins into the body, not its actual ability to invade or inhabit the host. The toxins secreted by S. aureus belong to the so-called superantigen (SAG) family3. These compounds are bacterial byproducts that can trigger tremendous immune response. One particular S. aureus exotoxin has been identified as causing virtually all cases of menstrual TSS: TSST-1 (toxic shock syndrome toxin-1). It has the unique ability to absorb through mucosa, such as the kind that lines the vagina5. When TSST-1 enters the bloodstream, it causes hordes of specific T lymphocytes to permeate the site of infection. The T cells release large quantities of cell-signaling compounds called cytokines such as tumor necrosis factor- interferon and interleukin-2. One of the effects of immune response is to increase permeability of capillaries to allow more immune cells to enter the region; however, the excessive release of cytokines results in capillary leakage. This capillary leakage causes blood to be lost from the circulatory system, resulting in dangerous hypotension and shock. Other cytokines cause the macular rash that is indicative of TSS5. Despite the ravaging immune response elicited by the SAG, some infected individuals (estimated to be close to 70 percent of menstrual TSS cases) fail to develop a humoral immune response to the S. aureus antigen1. These people are highly susceptible to recurrence of TSS.
 
A case of staphylococcal TSS is defined as including the following criteria: high fever (above 102°F), hypotension, erythema (sunburn-like rash), multiple organ failure, and desquamation (peeling of the skin) 7. Desquamation (especially of the hands and feet) is a distinctive symptom which, when coupled with a high fever, should strongly suggest a diagnosis of staphylococcal TSS. Multiple organ failure is a defining symptom that carries many complications; the kidneys are affected most frequently with 80 percent of cases reporting renal dysfunction. Other symptoms characteristic of staphylococcal TSS include: malaise, body aches, nausea, vomiting, diarrhea, confusion and seizures. Onset of staphylococcal TSS occurs after S. aureus incubates in the body for four to ten days. Symptoms at onset tend to include moderate fever and erythema, which tend to be overlooked or misdiagnosed. Acute symptoms appear one or two weeks after this stage, starting with high fever, diarrhea and vomiting, then progressing rapidly into organ failure and dangerously low blood pressure. About a week following acute onset, the patient will experience desquamation of the hands and feet, the skin peeling off in large sheets. Without swift and aggressive treatment with antibiotics, vasopressors, and intravenous fluids, TSS cases will die. Currently, overall case-fatality for TSS is around four percent4.
Toxic shock syndrome was first described in 1978 by Dr. James Todd et al6. While the cases described by Todd consisted of seven young children, within a year the number of TSS cases jumped significantly and showed a high incidence among previously healthy women under age 30. Surveillance found that these cases of TSS were linked to use of super-absorbent tampons4. Because of the alarmingly high number of cases, and the seemingly ubiquitous nature of the source of infection, toxic shock not only became very high profile, it became inextricably linked to feminine hygiene products. These cases of TSS came to be known as menstrual toxic shock syndrome7. Nonetheless, S. aureus can be transmitted through a variety of means. Burn patients and women who have recently given birth or undergone an abortion are susceptible to TSS from invasive S. aureus infection. A British burn unit reported up to 13 percent of its pediatric patients developed toxic shock syndrome. TSS has also resulted from nosocomial infections with fomite sources like nasal packing.

Significant changes in the epidemiological trends of toxic shock syndrome have occurred in the 20 years since its emergence. While about menstrual TSS comprised about 90 percent of cases of all TSS in 1981, it currently comprises about 55 percent of all TSS. Incidence rates have decline substantially from 6 per 100,000 to 0.5 per 100,000 among women of childbearing age4. The median age for cases increased from 21 years in 1980 to 25 years at present. Nonetheless, at least 40 percent of cases continue occur in women ages 13-19 years4. Demographically, cases of both menstrual and nonmenstrual TSS have been predominantly white women. Among cases of menstrual TSS, all were women and 77 percent of those were white4. This may be attributable to cultural mores that cause women of color to avoid use of insertable feminine hygiene products.

The history of menstrual toxic shock syndrome began in early 1980 when two physicians noticed a cluster of a dozen cases of toxic shock syndrome. One of them, Dr. Jeffrey Davis, MD, happened to observe that these cases were in women who were having their menstrual periods6. During the first half of the year another 43 cases emerged in women 13-52 years of age. Thirty-eight cases fell ill within five days from the start of their menses. Most of these women showed positive cultures of S. aureus. This emerging outbreak happened to coincide with the introduction of synthetic-fiber tampons into the market. Procter and Gamble had just unveiled a new product, the Rely® brand tampon7. The Rely® brand tampon was an extended-wear tampon so absorbent it could hold 20 times its weight in liquid, allowing its wearer to use one tampon continuously for the entire duration of her menstrual period. The Rely® tampon was made of carboxymethylcellulose and polyacrylate fibers and polyester foam. This made for perfect conditions for incubating S. aureus for a number of reasons. S. aureus grows optimally at a neutral pH with elevated carbon dioxide and oxygen gases plus proteins in its surroundings5. While the vagina is generally anærobic, insertion of a tampon can introduce oxygen into the environment. Additionally, the expulsion of blood during menses neutralizes the acidity of the vagina.

A case-control study conducted by Shands et al6 showed no statistically significant differences between TSS cases and matched controls in brand of tampon used tampon absorbency, nor any differences between groups in frequency tampon changing. However, the study did show a link between prolonged and exclusive use of tampons and incidence of TSS. As a result, the Rely® brand tampon was removed from the market voluntarily by Procter and Gamble in 1981. 
In the early days of toxic shock syndrome surveillance between 1980 and 1981, cases of menstrual toxic shock syndrome constituted about 90% of all TSS cases. This was attributed to use of super-absorbent tampons made with synthetic fibers. After those products were withdrawn from the market and widespread public health campaigns educated women about the potential dangers of prolonged tampon use, the number of menstrual TSS cases declined significantly and began to resemble the number of cases per year for nonmenstrual TSS4. 

The narrowing of the discrepancy between the incidence rates of menstrual and nonmenstrual toxic shock syndrome is not entirely attributable to changes in tampon consumption. Instead, there may have been instances of recall and reporting bias strongly influenced by heavy media coverage of TSS outbreaks1. Moreover, while cases of menstrual TSS were readily identifiable, health care providers may have been more prone to misidentify cases of nonmenstrual toxic shock syndrome because its case definition may have been less familiar. Nonetheless, there is also an ongoing increase in nonmenstrual TSS from nosocomial infections following surgery that is contributing to the equilibration of rates between menstrual and nonmenstrual TSS4.

Incidence rates for menstrual toxic shock syndrome have seen significant declines thanks to a number of aggressive public health measures. An important component of this is education. Health officials and the media have done much to disseminate information about TSS to the public, especially raising awareness among women. The FDA standardized labeling for tampons to include warnings about the risks of toxic shock syndrome4. Educational materials such as pamphlets are available to the public via local health departments and physicians offices. Physicians also play an important role in educating their patients about the importance of changing tampons frequently and interchanging their use with alternative products like sanitary napkins. 
The manufacturing industry has also been advised about making a safer product; they have complied with this advice and no longer manufacture tampons made from synthetic fibers, using rayon (a cellulose fiber) and cotton instead. Some manufacturers have gone so far as to offer organic all-cotton alternatives, though differences in TSS risk compared to rayon tampons have not been substantiated in clinical studies. Tampon manufacturers voluntarily include informative inserts with their products that educate consumers about safe handling of tampons. 

Other aspects to toxic shock syndrome control and prevention include educating physicians to recognize cases of nonmenstrual TSS promptly5 and recommend testing of patients for superantigenic strains of S. aureus. Physicians supervising burn victims or post-operative patients need to evaluate risk factors for S. aureus infection and administer antibiotic prophylaxis to particularly susceptible patients. Because the only rise in TSS seen since the initial outbreak has been in cases of nosocomial infections, future recommendation for TSS control would include measures to prevent nosocomial infections through better handling of sterile surgical equipment and proper cleaning of wounds.

While eradication of toxic shock syndrome is highly unlikely because of the wide prevalence of S. aureus infection in the population, control measures in place have been highly successful at bringing down the incidence rates of this already rare disease. As long as superantigenic strains of S. aureus do not become widely resistant to antibiotic therapy, then incidence rates of menstrual and nonmenstrual strains should not see any significant increases. 
