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	Description of Rotation or Educational Experience
During the 9-Linsky-HIV Medicine- Infectious Diseases- rotation residents will get an extensive experience in Inpatient HIV Medicine, Infectious Diseases and Internal Medicine. During this medicine rotation they will have the opportunity to diagnose and treat mostly HIV infected patients, Infectious Diseases and common Internal Medicine ailments. They will function as providers of care with escalating responsibilities commensurate with their abilities under the supervision of the assigned Attending faculty, Hospitalist Faculty, Subspecialty Fellows and supervising senior residents. The residents will participate in the program-core curriculum didactics, Morning Report, EBM, journal club, Mortality and Morbidity and Grand Rounds. 

By the end of the rotation, the residents will be able to evaluate symptoms that may cause by a wide range of Infectious Diseases and Internal Medicine disorders. They will be able to provide appropriate preventive, diagnostic and therapeutic care for most diseases. They will become proficient in history taking and physical examination directed toward evaluation of internal medicine conditions. They will become proficient in ordering and understanding specific diagnostic tests and recognize appropriate use, mechanism of action and potential side effects of medications.

By the end of the residency, the resident should have the skills of a generalist, as well as the expertise to manage patients with advanced illness and diseases of several organ systems. In mastering a greater breadth of skills he or she will function as a resource and clinical information manager. The resident must be familiar with the identification, appropriate diagnostic interventions and the general management of common medical conditions in both the inpatient and ambulatory setting.
The experience is based at Beth Israel Medical Center and its ambulatory care sites.

Patient Care

Goal

Residents must be able to provide patient care that is compassionate, appropriate, and effective for the treatment of health problems and the promotion of health. 

Objectives:

a) Relation-building skills. Residents must demonstrate effective communication when caring for patients as they collect highly personal information.
1) Residents should consistently demonstrate integrity, compassion and empathy for patients and their families. They will engage in shared decision making with patients and their families. 

b) History taking. Residents must demonstrate an understanding of the importance of the complete bio-psychosocial history in deriving a differential diagnosis.

1) Residents must gather essential, accurate, and relevant physical, personal and emotional information. The database will be organized in a manner consistent with accepted medical convention and charted in a timely and efficient manner. Information will be comprehensive and include data gathered by other providers and laboratory investigations. The assessment and plan will be hypothesis driven. Residents will be precise, logical and efficient in the data collection. Residents will demonstrate the skill of writing succinct medical assessments with specific recommendations supported by the clinical findings and appropriate evidence based literature references.

c) Physical Examination: Residents will demonstrate the ability to perform an appropriate and relevant physical exam.

1) Residents will perform a comprehensive physical examination with a consistent sequence. They will differentiate normal from abnormal and describe physiological and anatomical bases for findings. They will demonstrate the ability to augment the physical exam to elicit additional data.

2) Residents will correctly detect subtle findings and understand their significance and teach others exam skills.

3) Residents will strive to perform a focused physical exam at a level similar to a sub-specialist, and understand the sensitivity and specificity of maneuvers.

 d) Clinical Judgment, Medical Decision Making and Management Plans.

Residents will be able to identify all bio-psychosocial problems of patients, analyze the data and develop prioritized differential diagnoses. They will develop therapeutic plans that are based on evidence or guidelines. They will establish an orderly succession of testing based on their history and exam findings and demonstrate appropriate use of diagnostic and therapeutic procedures. They will integrate medical facts and clinical data while weighing alternatives and keeping in mind patient’s preferences. They will incorporate consideration of cost, risks, and benefits when considering diagnostic tests and therapies. They will consistently monitor and follow-up patients appropriately.

Residents in addition will demonstrate appropriate reasoning in ambiguous situations, while continuing to seek clarity.  Residents will not overly rely on tests and procedures. They will consistently analyze and establish monitoring procedures and demonstrate ability to change therapeutic plans in the setting of ineffective or adverse side effects.

e) Oral Case Presentation Skills: Residents will develop skills in delivering appropriately concise summaries  of patient’s bio-psychosocial histories, physical examinations, laboratory data , assessments and plans that are tailored to situations ranging from brief conversations with colleagues to  formal presentations at medical meetings. Presentations will be hypothesis driven. Assessments will include discussions of prioritized differential diagnoses with supporting data and important psychosocial contexts. Assessment of chronic problems will include discussions of underlying etiologies, precipitating factors and complications. Hypothesis-driven diagnostic and therapeutic plans will be presented for each active problem.

f) Counseling and Education: 

1) Residents will recognize the importance of clear and accurate instructions for patients and their families. They will provide patients with accurate instructions about the usage of their medications and follow up care. 

2) Residents will effectively counsel and educate patients about pertinent health issues, tests and treatments. They will recommend gender and age-appropriate screening exams.

3) They will use patient education as a form of intervention and partnering with their patients.

g) Use of technology.

Residents will understand the increasing role that technological advancements bring to the bedside. 

h) Procedures: 

Residents will competently perform medical procedures essential for the practice of Internal Medicine. Procedure documentation, supervision and eventual certification will be attained as per Departmental protocol. In occasions Residents will teach and supervise learners on the performance of procedures. 

Residents will demonstrate knowledge of procedural indications, contraindications, necessary equipment, process for handling specimens and patient after-care. They will participate in informed consent, assist patients with decision making, and attend to patient comfort. Time out period as per hospital policy will always be followed and procedures will be thoroughly documented. 

Patient Care Objectives by Year of Training


	Intern
	Second Year Resident
	Third Year Resident

	
	
	Spends time appropriate to the complexity of the problem

	
	
	Clear and appropriate critical thinking skills to reason well in ambiguous situations

	
	Appropriately considers patient preferences when making medical decisions
	Appropriately considers patient preferences when making medical decisions

	
	Able to independently develop and carry out management plans
	Able to independently develop and carry out management plans

	
	Able to manage multiple problems at once
	Able to manage multiple problems at once

	
	Interprets results of tests and procedures properly
	Interprets results of tests and procedures properly

	
	Obtains a precise, logical, and efficient history and physical examination
	Obtains a precise, logical, and efficient history and physical examination

	
	Elicits subtle findings on physical examination
	Elicits subtle findings on physical examination

	
	Chooses diagnostic procedures and therapies appropriately
	Chooses diagnostic procedures and therapies appropriately

	
	Makes informed decisions about diagnosis and therapy analyzing clinical data
	Makes informed decisions about diagnosis and therapy analyzing clinical data

	
	Understands and weighs alternatives for diagnoses and treatment options
	Understands and weighs alternatives for diagnoses and treatment options

	Provides services to prevent and maintain health
	Provides services to prevent and maintain health
	Provides services to prevent and maintain health

	Competently performs invasive procedures
	Competently performs invasive procedures
	Competently performs invasive procedures

	Demonstrates caring and respectful behaviors with patients and families
	Demonstrates caring and respectful behaviors with patients and families
	Demonstrates caring and respectful behaviors with patients and families

	Satisfactory performance on mini-CEX
	Satisfactory performance on mini-CEX
	Satisfactory performance on mini-CEX

	Monitors and follows up on patient issues appropriately
	Monitors and follows up on patient issues appropriately
	Monitors and follows up on patient issues appropriately

	Prioritizes a day of work appropriately
	Prioritizes a day of work appropriately
	Prioritizes a day of work appropriately

	Prioritizes patient's problems appropriately
	Prioritizes patient's problems appropriately
	Prioritizes patient's problems appropriately

	Gathers essential, pertinent, and accurate information via interviews, physical examinations, and other sources of patient information
	Gathers essential, pertinent, and accurate information via interviews, physical examinations, and other sources of patient information
	Gathers essential, pertinent, and accurate information via interviews, physical examinations, and other sources of patient information

	
	
	


	Medical Knowledge

Goal

Residents must demonstrate knowledge of established and evolving biomedical, clinical, epidemiological, and social-behavioral sciences, as well as the application of this knowledge to patient care.  Residents are expected to:

Competency 

Demonstrate an investigatory and analytical thinking approach to clinical situations.

Know and apply the basic and clinically supportive sciences in General Internal Medicine. 
Objective:

The resident will demonstrate and apply knowledge of:

· Epidemiology and transmission of HIV disease
· Basic Science and Pathogenesis of HIV

· Diagnosis, testing, Screening and Staging of HIV disease.

The resident will demonstrate and apply knowledge of clinical presentation, diagnosis and management of:

· Needle Stick Injury

· Acute HIV infection

· Oral manifestations of HIV

· Neurological manifestations including Cryptococcal meningoencephalitis, toxoplasmosis, HIV encephalopathy, PML and peripheral Neuropathy.

· Ophthalmologic manifestations including CMV retinitis.

· Pulmonary manifestations including PCP, bacterial and Tuberculosis

· Complications and side effects of medications used in therapy of HIV, prophylaxis and opportunistic infections

· Hematological complications of HIV disease and therapies.

· Renal Complications of HIV disease and therapies.

· GI and hepatobiliary complications including diarrhea.

· Principles of antiretroviral therapy.

· Prevention of opportunistic infections including PCP, TB. MAI.

· Health promotion, rehabilitation and behavioral issues including prevention of HIV.

· Coordination of services, quality assurance, continuity care and discharge planning.

· Medico legal implications of HIV testing including confidentiality

· Application of evidence from the current medical literature.

Medical Knowledge Objectives per year of training
Intern

Second Year Resident

Third Year Resident

Demonstrates an investigatory and analytic thinking approach to clinical situations

Applies clinical epidemiologic and social-behavioral science knowledge to the care of the patient

Applies clinical epidemiologic and social-behavioral science knowledge to the care of the patient

Demonstrates knowledge of epidemiologic and social-behavioral sciences

Demonstrates knowledge of epidemiologic and social-behavioral sciences

Chooses medications appropriately

Chooses medications appropriately

Consistently up to date in medical knowledge

Consistently up to date in medical knowledge

Triages patients to appropriate location

Triages patients to appropriate location

Applies knowledge to diagnosis and therapy

Applies knowledge to diagnosis and therapy

Applies knowledge to diagnosis and therapy

Correctly lists indications, contraindications, and complications of invasive procedures applicable to the specialty of internal medicine

Correctly lists indications, contraindications, and complications of invasive procedures applicable to the specialty of internal medicine

Correctly lists indications, contraindications, and complications of invasive procedures applicable to the specialty of internal medicine

Demonstrates appropriate knowledge of basic and clinical sciences

Demonstrates appropriate knowledge of basic and clinical sciences

Demonstrates appropriate knowledge of basic and clinical sciences

Demonstrates and interest and commitment to learning

Demonstrates and interest and commitment to learning

Demonstrates and interest and commitment to learning

Practice- Based Learning and Improvement

Goal

Residents must demonstrate the ability to investigate and evaluate their care of patients, to appraise and assimilate scientific evidence, and to continuously improve patient care based on constant self-evaluation and life long learning.  Residents are expected to develop skills and habits to be able to :

Competencies

· Identify strengths, deficiencies and limits in one’s knowledge and expertise;

· Set learning and improvement goals

· Identify and perform appropriate learning activities

· Systematically analyze practice, using quality improvement methods, and implement changes with the goal of practice improvement

· Incorporate formative evaluation feedback into daily practice

· Analyze, contrast and compare their performance. Create an improvement plan when needed, execute the proposed plan and critique and justify results. 

· Locate, appraise and assimilate evidence from scientific studies related to their patients’ health problems

· Use information technology to optimize learning

· Participate in the education of patients, families, students, residents and other health professionals, as documented by evaluations  of a resident’s teaching abilities by faculty and/or learners

Objectives
1) Residents will incorporate evidence based recommendations to patient care activities.

2) Residents will request and incorporate feedback into daily practice.

3) Residents will set learning and improvement goals and will reflect on progress with the supervising faculty.

4) Residents will participate in the education of patients, families, medical students, junior residents and healthcare personnel.

Practice Based Learning Objectives per year of training
Intern

Second Year Resident

Third Year Resident

Compares personal practice patterns to larger populations

Analyzes personal practice patterns systematically and looks to improve

Locates, appraises, and assimilates scientific literature appropriate to specialty

Effectively applies evidence based medicine to clinical care

Facilitates the learning of students, fellow residents, and other health care professionals

Facilitates the learning of students, fellow residents, and other health care professionals

Undertakes self-evaluation with insight and initiative

Undertakes self-evaluation with insight and initiative

Effectively uses computerized based medical records and information databases as a means of obtaining materials to enhance patient care

Effectively uses computerized based medical records and information databases as a means of obtaining materials to enhance patient care

Effectively uses computerized based medical records and information databases as a means of obtaining materials to enhance patient care

Accepts feedback, develops and implements self-improvement plan

Accepts feedback, develops and implements self-improvement plan

Accepts feedback, develops and implements self-improvement plan

Self-motivated to acquire knowledge

Self-motivated to acquire knowledge

Self-motivated to acquire knowledge

Asks for help when needed

Asks for help when needed

Asks for help when needed

Understands their limitations of knowledge and skills

Understands their limitations of knowledge and skills

Understands their limitations of knowledge and skills

Systems Based Practice
Goal

Residents must demonstrate an awareness of and responsiveness to the larger context and system of health care, as well as the ability to call effectively on other resources in the system to provide optimal health care.  Residents are expected to:

Competencies

· Work effectively in various health care delivery settings and systems relevant to Internal Medicine.

· Coordinate patient care within the health care system relevant to Internal medicine including home infusion, consultations to other services, home care, etc.

· Incorporate considerations of cost awareness and risk-benefit analysis in patient care

· Advocate for quality patient care and optimal patient care systems

· Work in multidisciplinary teams to enhance patient safety and improve patient care quality

· Participate in identifying systems errors and in implementing potential systems solutions

Objectives
1) Residents will assess, recommend and coordinate care for their patients within the healthcare system relevant to Internal medicine including: Consultations, Counseling, Skill Nursing Facility Care, Home Intravenous infusion therapy, Wound Care, Visiting Nurse Services, Home Health Care, Access to Health care and or interventions from other specialties, etc

2) Must demonstrate appropriate diagnostic and therapeutic modalities based on indication, cost, effectiveness, institutional formulary and practices.

3) Residents must actively demonstrate understanding and participate in institutional Quality Improvement efforts. 

Systems-Based Practice Objectives per year of training
Intern

Second Year Resident

Third Year Resident

Practices effective health care resource allocation that does not compromise the quality of care

Knowledgeable about types of medical practices and health care delivery systems

Understands how individual practices affect other health care professionals, organizations, and society

Adapts to changes in medicine throughout career

Provides cost-effective care

Participates in developing methods to improve systems of practice and health management

Participates in developing methods to improve systems of practice and health management

Uses systematic approaches to reduce errors

Uses systematic approaches to reduce errors

Applies knowledge of how to partner with health care providers to assess, coordinate, and improve patient care

Applies knowledge of how to partner with health care providers to assess, coordinate, and improve patient care

Works with all health care professionals effectively to provide patient focused care

Works with all health care professionals effectively to provide patient focused care

Works with all health care professionals effectively to provide patient focused care

Advocates for quality patient care and assists patients in dealing with health system complexity

Advocates for quality patient care and assists patients in dealing with health system complexity

Advocates for quality patient care and assists patients in dealing with health system complexity

Demonstrates constructive skepticism

Demonstrates constructive skepticism

Demonstrates constructive skepticism

Patient advocate

Patient advocate

Patient advocate

Professionalism

Goal

Residents must demonstrate a commitment to carrying out professional responsibilities and an adherence to ethical principles.  Residents are expected to demonstrate:

Competencies

· Compassion, integrity, and respect for others

· Responsiveness to patient needs that supersedes self-interest

· Respect for patient privacy and autonomy

· Accountability to patients, society, and the profession

· Sensitivity and responsiveness to a diverse patient population including, but not limited to, diversity in gender, age, culture, race, religion, disabilities, and sexual orientation
Objectives:

1) Resident must consistently demonstrate integrity, compassion and empathy for patients and their families. They will engage in shared decision making with patients and their families. 

2) Residents must establish trust with patients and staff.

3) Residents must acknowledge errors and work to minimize them.

4) Residents must display a commitment to ethical principles pertaining to the provision or withholding of care, patient confidentiality (HIPPA) informed consent and business practices.

5) Residents must be honest, reliable, and cooperative and accept feedback and responsibilities.

Professionalism Objectives per year of training
Intern

Second Year Resident

Third Year Resident

Effective as a consultant

Displays initiative and leadership

Displays initiative and leadership

Appropriately delegates responsibility to others

Appropriately delegates responsibility to others

Commitment to ongoing professional development

Commitment to ongoing professional development

Commitment to ethical principles pertaining to the provision or withholding of care, patient confidentiality, informed consent, and business practices

Commitment to ethical principles pertaining to the provision or withholding of care, patient confidentiality, informed consent, and business practices

Sensitivity to patient culture, gender, age, preferences, and disabilities

Sensitivity to patient culture, gender, age, preferences, and disabilities

Acknowledges errors and works to minimize them

Acknowledges errors and works to minimize them

Responsive to the needs of patients and society superseding self-interest

Responsive to the needs of patients and society superseding self-interest

Responsive to the needs of patients and society superseding self-interest

Does not refuse to treat a patient

Does not refuse to treat a patient

Does not refuse to treat a patient

Establishes trust with patients and staff

Establishes trust with patients and staff

Establishes trust with patients and staff

Demonstrates respect, compassion, and integrity

Demonstrates respect, compassion, and integrity

Demonstrates respect, compassion, and integrity

Honest, reliable, cooperative, and accepts responsibility

Honest, reliable, cooperative, and accepts responsibility

Honest, reliable, cooperative, and accepts responsibility

Free from substance abuse or satisfactorily undergoing rehabilitation

Free from substance abuse or satisfactorily undergoing rehabilitation

Free from substance abuse or satisfactorily undergoing rehabilitation

Interpersonal and Communication Skills

Goal

Residents must demonstrate interpersonal and communication skills that result in the effective exchange of information and teaming with patients, their families, and professional associates.  Residents are expected to:
Competencies
· Communicate effectively with patients and families across a broad range of socioeconomic and cultural backgrounds

· Communicate effectively with physicians, other health professionals, and health related agencies

· Work effectively as a member or leader of a health care team or other professional group

· Act as a resource and clinical information manager to other physicians and health professionals

· Maintain comprehensive, timely, and legible medical records

Objectives

1) Residents must write legible notes that have essential, accurate, and relevant physical, personal and emotional information. The database will be organized in a manner consistent with accepted medical convention and charted in a timely and efficient manner. Information will be comprehensive and include data gathered by other providers and laboratory investigations. The notes will be hypothesis driven. Residents will be precise, logical and efficient in the data collection. Residents will demonstrate the skill of writing a succinctly with specific differential diagnosis and recommendations supported by the clinical assessment and appropriate evidence based literature references. 

2) Residents must demonstrate the use of effective listening, narrative, and non-verbal skills to elicit and provide information. 

3) Residents must provide education and counseling to patients and families.

4) Residents must complete medical records in a timely fashion.

5) Residents must practice established hand off practices. 

6) Residents must be able to form therapeutic alliances with their patients and families. 

Interpersonal and Communication Skills Objectives per year of training
Intern

Second Year Resident

Third Year Resident

Able to effectively discuss end of life care with patients and their families

Able to effectively discuss end of life care with patients and their families

Provides education and counseling to patients and their families

Provides education and counseling to patients and their families

Creates and sustains therapeutically and ethically sound relationships with patients and families

Creates and sustains therapeutically and ethically sound relationships with patients and families

Creates and sustains therapeutically and ethically sound relationships with patients and families

Consistently practices institutionally established hand off practices.
Consistently practices institutionally established hand off practices.
Consistently practices institutionally established hand off practices.
Medical records completed in a timely fashion

Medical records completed in a timely fashion

Medical records completed in a timely fashion

Uses effective listening, narrative, and non-verbal skills to elicit and provide information

Uses effective listening, narrative, and non-verbal skills to elicit and provide information

Uses effective listening, narrative, and non-verbal skills to elicit and provide information

Writes legible and comprehensive notes which effectively communicate the history, physical examination, pertinent test results, assessment (with problem list), and plan

Writes legible and comprehensive notes which effectively communicates the history, physical examination, pertinent test results, assessment (with problem list), and plan

Writes legible and comprehensive notes which effectively communicates the history, physical examination, pertinent test results, assessment (with problem list), and plan

Demonstrate ability to utilize interpreters efficiently
Demonstrate ability to utilize interpreters efficiently
Demonstrate ability to utilize interpreters efficiently


	Teaching Methods

The Teachings methods on this educational experience include:

1) Didactic Conferences

2) Clinical Bedside Teaching

3) Case based Teaching

4) Role Modeling

5) Journal Club presentation

6) Mortality and Morbidity Conferences
7) Self directed learning assignments

8) Individual or group projects

9) Grand Rounds
10) Resident Report 


	Assessment Method (residents)

Assessments: 

Residents will be assessed during this rotation at multiple settings.  The great majority of the opportunities will include inpatient Medicine service and the Ambulatory care experience included in this rotation. An important and probably the most significant part of this evaluation will be conducted at bedside teaching rounds and with direct one on one observation.  We will be using multisource evaluation method to include Faculty, Supervising Fellow, Nurses, students and Patients. 

Feedback will be provided during the Faculty and Resident interactions. 

Oral presentation on clinical rounds, Journal clubs or conference will be assessed by the faculty and the team.

Mini- CEX’s will be conducted with a Faculty member.

A yearly In-training Examination will be administered.




	Assessment Method (Program Evaluation)
To evaluate the effectiveness of this educational experience the following assessments will be conducted:

1) Objective data from In-training examinations will be collected and compared.

2) Objective data from ABIM reported to the program will be utilized to assess the Curriculum evaluation and modification will be conducted every two to three years.

3) The multisource evaluation process will provide with subjective data that will be evaluated for trends and variants. 

4) Semi-annual feedback session will provide a venue for rotation evaluation. 

5) Portfolio review including procedure logs, conferences, didactic sessions, research, etc.

6) The established Curricular revision cycle: every 2 to 3 years, will serve as a benchmark where all participants will use the assessments as a blue print for changes, propose amendments or changes and devise a road map to  implement them. 

	Level of Supervision

The educational program and patient care of the Department of Medicine are organized under the direct and general supervision of the Chairman of the Department, the Residency Program Director and Associate Program Directors and the Division Chiefs and Program Directors of the Subspecialty Programs.  In addition, individual key faculty members and "voluntary" teaching attendings provide direct and general supervision of the fellows, residents and students.  Residents will function as providers of care with escalating responsibilities commensurate with their abilities under the supervision of the assigned Attending faculty, Hospitalist Faculty, Subspecialty Fellows and supervising senior residents.
Emergency Situations

In situations where immediate emergency medical care is required to preserve life or prevent serious impairment of the health of the patient, all residents shall be permitted to do everything possible within the scope of their knowledge and skill to save the life of the patient or to save the patient from serious harm.  Attending staff or senior house officers must be consulted as soon as possible.



	Educational Resources

Textbooks:
1) Mandell GL, Bennett JE, Dolin R, eds. Mandell, Douglas and Benett’s principles and Practice of Infectious Diseases, 6th edition, Churchill Livingstone, New York, 2004

2) Gorbach SL, Bartlett JG, Blacklow NR (eds): Infectious Diseases, 3rd ed. Lippincott Williams & Wilkins, Philadelphia, PA 2004. 
HIV:

1. Panel on Antiretroviral Guidelines for Adult and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. Department of Health and Human Services. January 29, 2008; 1-128. Available at http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
2. Royce RA, Sena A, Cates W, Cohen MS. Sexual transmission of HIV. N Engl J Med. 1997; 336:1072-8.

3. Pao, David ; Fisher, Martin ; Hue, Stephane ; Dean, Gillian ; Murphy, Gary ; Cane, Patricia A ; Sabin, Caroline A ; Pillay, Deenan : Transmission of HIV-1 during primary infection: relationship to sexual risk and sexually transmitted infections. AIDS. 19(1):85-90, January 3, 2005.
4. Guidelines for preventing opportunistic infections among HIV-infected persons- 2002. Recommendations of the U.S Public Health Service and the Infectious Diseases Society of America. MMWR Recomm Rep. 2002 Jun 14;51(RR-8):1-52

5. Corcoran C, Grinspoon S. Treatments for wasting in patients with the Acquired Immunodeficiency Syndrome. N Engl J Med. 1999; 340:1740-51.

6. Jerico, Carlos MD ; Knobel, Hernando MD ; Montero, Milagro MD ; Ordonez-Llanos, Jordi MD ; Guelar, Ana MD ; Gimeno, Juan L. MD ; Saballs, Pere MD ; Lopez-Colomes, Jose L. MD ; Pedro-Botet, Juan MD:  Metabolic Syndrome Among HIV-Infected Patients: Prevalence, characteristics, and related factors. Diabetes Care. 28(1):132-137, January 2005.
7. Corey, Lawrence MD *+; Wald, Anna MD, MPH *++; Celum, Connie L. MD, MPH *; Quinn, Thomas C. MD [S] The Effects of Herpes Simplex Virus-2 on HIV-1 Acquisition and Transmission: A Review of Two Overlapping Epidemics. JAIDS Journal of Acquired Immune Deficiency Syndromes. 35(5):435-445, April 15, 2004
8. Johns Hopkins Point of Care Information Technology- HIV guide:  http://www.hopkins-aids.edu/
9. Neurologic Manifestations of HIV Infection, Ann Intern Med, Nov 1994; 121: 769 - 785.

Occupational Exposure to HIV:

[image: image1.emf]needle stick.pdf
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Neurological Complications of HIV:


[image: image3.emf]Neurol comps HIV  infection.pdf


HIV and Cryptococcal Meningo encephalitis:


[image: image4.emf]hiv-crypto  meningitis.pdf


Renal Disease and HIV:

http://www.journals.uchicago.edu/doi/pdf/10.1086/320893
Hematological Complications of HIV:
http://aidsreviews.com/files/2005_7_4_187_96.pdf
Tuberculosis

and Reports
1. Recommendation Report: Treatment of Tuberculosis American Thoracic Society, CDC, and Infectious Diseases Society of America. June 20, 2003/52(RR11);1-77. http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5211a1.htm 

2. Prevention and Treatment of Tuberculosis Among Patients Infected with Human Immunodeficiency Virus: Principles of Therapy and Revised Recommendations. MMWR 1998; 47(RR-20) 1-51.

3. Havlir DV, Barnes PF. Tuberculosis in Patients with Human Immunodeficiency Virus Infection. N Engl J Med. 1999; 340:367-373.

Sexually Transmitted Diseases

1. Centers for Disease Control and Prevention. 2006 Guidelines for Treatment of Sexually Transmitted Diseases.  http://www.cdc.gov/std/treatment/2006/toc.htm
2. McCormack WM. Pelvic Inflammatory Disease. N Engl J Med. 1994; 330:115-9.

3. Corey L, Wald A, Patel R, Sacks SL, Tyring SK, Warren T, Douglas JM Jr, Paavonen J, Morrow RA, Beutner KR, Stratchounsky LS, Mertz G, Keene ON, Watson HA, Tait D, Vargas-Cortes M, Once-daily valacyclovir to reduce the risk of transmission of genital herpes. N Engl J Med 2004;350:11-20.

Clinical Syndromes

1. Practice guidelines IDSA: http://www.idsociety.org/Content.aspx?id=2656

2. Stamm,W., Urinary Tract Infections. Infectious Disease Clinics of North America. 2003; 17, Issue 2, pages: 227-478.

3. IDSA Practice guidelines for infectious diarrhea: Clinical Infectious Diseases 2001; 32:331. By Richard L Guerrant, Thomas V Gilder, Ted Steiner, Nathan M Thielman, Laurence Slutsker, Robert V Tauxe, Thomas Hennessy, Patricia M. Griffin, Herbert DuPont, R Bradley Sack, Phillip Tarr, Marguerite Neill, Irving Nachamkin, L Barth Reller, Michael T Osterholm, Michael L Bennish, and Larry K Pickering
4. Approach to the adult, in the United States and other developed countries, with acute diarrhea. Christine A Wanke, MD. Professor of Medicine and Public Health, Tufts University School of Medicine. Up-to-Date.
5. Infectious Diseases Society of America/American Thoracic Society Consensus Guidelines on the Management of Community-Acquired Pneumonia in Adults: Clinical Infectious Diseases 2007;44:S27–S72  http://www.journals.uchicago.edu/doi/abs/10.1086/511159 
6. Bartlett JG. Community acquired pneumonia in adults: guidelines for management. The Infectious Disease Society of America. Clin Infect Dis. 1998; 26:811-38.
7. Lowy FD. Staphylococcus Aureus infections. N Engl J Med. 1998; 339:520-532.
8. Balfour HH. Antiviral drugs. N Engl J Med. 1999; 340:1255-68.
9. Treatment of Hepatitis C Infection: Gastroenterology Clinics - Volume 35, Issue 2 (June 2006 W. B. Saunders Company
10. Antiviral Therapy for Treatment Naïve Patients with Hepatitis C Virus; Infectious Disease Clinics of North America - Volume 20, Issue 1 (March 2006)  - 2006 W. B. Saunders Company   
11. Treatment of Relapsers after Combination Therapy for Chronic Hepatitis C: Infectious Disease Clinics of North America - Volume 20, Issue 1 (March 2006) .W. B. Saunders Company.

12. Hepatitis C Virus in the HIV-Infected Patient: Clinics in Liver Disease - Volume 10, Issue 2 (May 2006)   W. B. Saunders Company  

13. Lew DP, Waldvogel FA. Osteomyelitis. N Engl J Med. 1997; 336:999-1007.

14. Quagliarello VJ, Scheld WM. Treatment of Bacterial Meningitis. N Engl J Med. 1997; 336:708-17.

15. Emergency diagnosis and treatment of adult meningitis: The Lancet Infectious Diseases - Volume 7, Issue 3 (March 2007), Elsevier.

16. Acute Bacterial Meningitis: Emergency Medicine Clinics of North America - Volume 26, Issue 2 (May 2008,W. B. Saunders Company 

17. Infectious Disease Emergencies: Medical Clinics of North America - Volume 92, Issue 2 (March 2008), W. B. Saunders Company 

18. Burke A. Cunha MD. Fever of Unknown Origin. Clin Infec Dis. 2007; Vol 21, Issue 4, pages 857-1232 (Dec 2007).

19. Fishman JA, Rubin RH. Infection in Organ-Transplant Recipients. N Engl J Med. 1998; 338:1741-51.

20. D.R. Snydman (1999) Infection in solid organ transplantation. Transplant Infectious Diseases 1 (1), 21-28 

21. Gilbert DN, Dworkin RJ, Raber SR, Leggett JE. Outpatient parenteral antimicrobial-drug therapy. N Engl J Med. 1997; 337:829-38.

22. D Poretz.. Evolution of Outpatient Parenteral antibiotic therapy. Infectious Diseases Clinics of North America, Volume 12, Issue 4, Pages 827-834.

23. Gold HS, Moellering RC. Antimicrobial-Drug Resistance. N Engl J Med. 1996; 335:1445-54.

24. C. Walsh; Molecular Mechanisms that confer antibacterial drug resistance. Nature Vol. 406, a7 August 2000, Pages 775-781

*Standards, Practice Guidelines Summary Table*
IDSA Clinical Practice Guidelines by Category

Antimicrobial Agent Use
· Antimicrobial Prophylaxis for Surgery 

· Antimicrobial Resistance 

· Antimicrobial Stewardship 

· Neutropenic Patients with Cancer 

· Outpatient Parenteral Anti-Infective Therapy (OPAT) 

· Vancomycin 

Infections by Organ System
· Cardiovascular

· Endocarditis Management 

· Endocarditis Prevention
· Central Nervous System (CNS)

· Bacterial Meningitis
· Encephalitis
· Gastrointestinal (GI)

· Clostridium difficile
· Diarrhea 

· Hepatitis B
· Hepatitis C
· Genitourinary (GU)

· Asymptomatic Bacteriuria
· Catheter-associated Urinary Tract Infections
· Cystitis
· Intra-Abdominal

· Intra-abdominal Infections
· Lower/Upper Respiratory

· Community-Acquired Pneumonia (CAP)
· Hospital-Acquired Pneumonia (HAP) 

· Sinusitis 

· Streptococcal Pharyngitis
· Skeletal (Bones & Joints)

· Prosthetic Joint Infections
· Skin & Soft Tissue

· Diabetic Foot Infections
· Skin and Soft Tissue Infections
Infections by Organism
· Bacteria 

· Lyme Disease 

· MRSA 

· Nervous System Lyme Disease 

· Nontuberculous Mycobacterial (NTM) Diseases 

· Streptococcal Pharyngitis 

· Treatment of Tuberculosis (TB) 

· Control of Tuberculosis (TB) 

· International Standards for Care of Tuberculosis 

· Fungi 

· Aspergillus 

· Blastomycosis 

· Coccidioidomycosis 

· Cryptococcal Disease 

· Candidiasis 

· Histoplasmosis 

· Sporotrichosis 

· Viruses 

· HIV/AIDS 

· Management of HIV-Infected Persons 

· Management of Chronic Kidney Disease 

· Management of Dyslipidemia in Adults Receiving ART 

· Prevention and Treatment of Opportunistic Infections Among Adults and Adolescents 

· Prevention and Treatment of Opportunistic Infections Among Children 

· Incorporating HIV Prevention into Care 

· Other 

· Influenza 

Other Guidelines
· Fever and Infections 

· Fever and Infection in Long-term Care Facilities 

· New Fever in Critically Ill Patients 

· Other  

· Strategies to Prevent Healthcare-Associated Infections in Acute Care Hospitals 

· Prevention of Catheter-related Infections 

· Management of Catheter-related Infections 

· Clinical Microbiology 

· Hand Hygiene in Health-care Settings 

· Immunization 

· Immunization for the Compromised Host 

· Opportunistic Infections in Stem Cell Transplant Recipients 

· Travel Medicine 

Procedural Resources: Following are links to NEJM website in which you find instructions to perform procedure, indications, contraindications, etc… This site also provides videos explaining the procedure step by step.
1. NEJM Procedures: http://content.nejm.org/misc/videos.shtml 

2. Peripheral Intravenous Cannulation: http://content.nejm.org/cgi/content/short/359/21/e26
3.   Placement of Femoral Venous Catheter: 

      http://content.nejm.org/cgi/content/short/358/26/e30
3. Female Urethral Catheterization;  http://content.nejm.org/cgi/content/short/358/14/e15
4. Central Venous Catheterization Subclavian: http://content.nejm.org/cgi/content/short/357/24/e26
5. Abscess Incision and Drainage: http://content.nejm.org/cgi/content/short/357/19/e20
6. Pelvic Examination: http://content.nejm.org/cgi/content/short/356/26/e26
7. Central Venous Catheterization- Jugular: http://content.nejm.org/cgi/content/short/356/21/e21
8. Paracentesis: http://content.nejm.org/cgi/content/short/355/19/e21
9. Toracentesis: http://content.nejm.org/cgi/content/short/355/15/e16
10. Lumbar Puncture: http://content.nejm.org/cgi/content/short/355/13/e12
11. Male Urethral Catheterization: http://content.nejm.org/cgi/content/short/354/21/e22
12. Arthrocentesis of the Knee: http://content.nejm.org/cgi/content/short/354/21/e22
13. Nasogastric Intubation: http://content.nejm.org/cgi/content/short/354/17/e16
14. Placement of Arterial Line: http://content.nejm.org/cgi/content/video_preview/354/15/e13
Ethics: 
1) http://www.virtualmentor.ama-assn.org
Drug Allergy:

1. Drug Hypersensitivity: Medical Clinics of North America - Volume 90, Issue 1 (January 2006)  -  Copyright © 2006 W. B. Saunders Company  -  About This Clinic 
OtherWeb based resources:

1) http://www.cdc.gov/     ( Center for Disease Control)

2) http://www.doctorfungus.org/
3) http://www.idsociety.org/
4) http://www.travmed.com/maps/map.epl  (Travel Medicine)

5) http://cdc.gov/std/  (Sexually transmitted Diseases)

6)  http://www.idsociety.org/Content.aspx?id=2656  ( Practice guidelines IDSA)
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Neurological complications of HIV infection

Justin C McArthur, Bruce ) Brew, Avi Nath

Cognitive disorders, vacuolar myelopathy, and sensory neuropathies associated with HIV are the most common
disorders in patients with HIV AIDS, and are the focus of this review. These disorders are treatable and of those
associated with HIV AIDS the pathogenic mechanisms are the most understood. Although triggered by productive
HIV macrophage infections, aberrant immune activation plays a major role in inducing the CNS disorders. Novel
therapies aimed at these inflammatory mechanisms can be effective. The sensory neuropathies associated with HIV
infection are a major cause of morbidity; incidence may be increased by the toxic effects of specific antiretroviral

drugs within the peripheral nervous system.

Biology of HIV infection

HIV-1 is a retrovirus that produces profound CD4
depletion, possibly through an initial massive depletion
of gut-associated memory T cells, and then chronic
immune activation, leading to fatigue of homoeostatic
T-cell responses and progressive immunodeficiency.
The CD4 receptor is the main target for HIV-1, however,
specific chemokine receptors are important secondary
cellular receptors.”” Additionally, specific lectins on
dendritic cells may stabilise HIV for presentation to
susceptible cells.* HIV can infect CD4 negative cells,
including astrocytes. HIV-1 strains are grouped
according to preferred site of replication; T-tropic viruses
prefer replication in T lymphocytes and M-tropic viruses
in macrophages. Use of chemokine receptors differs for
each subgroup: CD4 and CXCR4 (or fusin, the receptor
for SDF-1) for T-tropic viruses, CCR5 (the receptor for
RANTES) for M-tropic viruses. Of the HIV-1 viruses in
the brain, M-tropic viruses are the most common.

After the HIV provirus has been integrated into the
host-cell genome, it can be latent for years; during latency
cellular function does not seem to be affected. With cell
activation, the provirus produces retrovirus mRNA. Even
during the period of clinical latency after initial infection,
viral replication is very active.** With millions of cycles of
replication daily, and a high error rate in RNA
transcription, mutants can become resistant readily.
Quiescent memory CD4+ T lymphocytes and
macrophages may be long-lived reservoirs for latent HIV
infection.®” In addition, the brain might be a sanctuary for
unchecked HIV replication, both because the blood-brain
barrier could prevent penetration of antiretrovirals,* and
also because HIV could be sequestered in the main target
cells (macrophages) within the CNS.”® Microglia and
macrophages are able to sustain a productive infection
without cellular activation, whereas astrocytes need
activation with cytokines to produce virions. The
activation of circulating monocytes is probably a crucial
step for their ingress to the brain.® HIV enters the
nervous system early after infection, but productive CNS
infection is rarely established wuntil systemic
immunosuppression develops, probably after re-entry
of HIV into the CNS. Chronic immune activation with
HIV disease progression leads to dysregulation of
macrophages, with the overproduction of various
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proinflammatory cytokines and chemokines within the
CNS and peripheral nervous system. This progression is
crucial for the onset of both HIV-associated dementia
(HIV-D) and sensory neuropathies (panel 1).'%"

Neurological symptoms of HIV infection

HIV may affect the nervous system directly, producing
distinct neurological syndromes, or indirectly, by
causing  immunodeficiency with a  resultant
susceptibility to opportunistic infections. Nervous
system infection with HIV-1 can produce a range of
clinical disorders, but only dementia, myelopathy, and
sensory neuropathies will be discussed here. These
debilitating disorders generally do not develop until
advanced stages of HIV infection. Typically, other AIDS-
defining illnesses or immunosuppression occur before
these neurological syndromes. Little is known of these
disorders in Asia and Africa.

HIV-D

Epidemiology

HIV-D, also called HIV encephalopathy and AIDS
dementia complex, rarely develops before profound
immunosuppression. The lifetime prevalence of HIV-D
in a group of 5000 homosexual men in the USA was
about 15%," but may be different in other populations.
Risk factors include high HIV set point early in HIV
infection, low CD4 counts,” anaemia, low body-mass
index, age (risk increases with increasing age), systemic

Panel 1: HIV-D in clinical practice
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e HIV-Dis a subcortical dementia characterised by memory deficits and psychomotor
slowing; HAART has halved the incidence of HIV-D and can reverse deficits

e Treatments for CNS inflammation or oxidative stress could be new adjunctive targets:
antioxidants, tumour necrosis factor alpha antagonists, N-methyl-D-aspartate

receptor antagonists

e HIV can trigger a painful sensory neuropathy (HIV-SN), which is a major clinical
problem because specific antiretrovirals (stavudine, zalcitabine, and didanosine) can

produce selective toxicity within the peripheral nervous system

e Treatment for HIV-SN focuses on symptoms and the exclusion of other disorders
e Pathophysiology of CNS and peripheral-nervous-system disorders includes prominent
macrophage activation, with release of proinflammatory cytokines, and potentially

neurotoxic viral proteins
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symptoms,” injection-drug use,” and female sex.” In
cohort studies of patients treated with highly active
antiretroviral therapy (HAART), neither plasma nor CSF
concentrations of HIV RNA were associated with
progression to HIV-D. However high concentrations of
plasma tumour necrosis factor a and CSF monocyte
chemoattractant protein 1 were predictive.® Long
exposure to zidovudine seems to be protective.”
Circulating HIV DNA concentrations, which might be
related to persistence of infection in cells of the
monocyte or macrophage lineage, are high in individuals
with HIV-D.® Host genetic factors may underlie
susceptibility to HIV-D. The E4 isoform for
apolipoprotein E in some studies is associated with
severity of dementia, possibly by making neurons more
vulnerable to oxidative stress.”” MCP-1 mutations and
mutations in its receptor CCR2 (64-I allele) also associate
with dementia, likely by affecting monocyte infiltration
into the CNS.”"* Polymorphisms in the tumour-necrosis-
factor-a. promoter are also associated with HIV-D,
possibly by affecting neuronal vulnerability to tumour
necrosis factor a induced toxicity.?

Minor cognitive motor disorder, a more subtle form of
neurological impairment than HIV-D, develops in 20%
(70/350) of symptomatic HIV-seropositive adults, even
those treated with HAART.** This disorder is associated
with shortened survival, low antiretroviral adherence,®
and poor employability,”*and its presence is predictive
of HIV encephalitis.”

The incidence of HIV-D has halved since the
introduction of HAART. HIV-D severity is attenuated
with HAART. In a study by one of the authors,” the
incidence of moderate or severe dementia fell from
about 7% in 1989 to only 1% in 2000. Furthermore, the
temporal progression of HIV-D seems to have been
altered by HAART, with most patients now having a
static form of dementia. Longitudinal studies suggest
that about half of those with advanced HIV infection
who receive HAART fluctuate in the amount of
neurocognitive impairment.*

Clinical features in children
Congenitally infected children can develop progressive
HIV-D; prevalence before the introduction of HAART

HIV-D

Cytomegalovirus encephalitis Progressive multifocal

leucoencephalopathy

Features

Course
MRI

CSF

Memory disturbances, mental
slowing, gait disturbances

Several months

Diffuse atrophy, symmetrical
deep white-matter diffuse

hyperintensities

Non-diagnostic: immune activation
less marked in patients treated with

HAART

Delirium, seizures, brainstem signs  Focal neurological signs
Weeks to months
Scattered, asymmetrical
subcortical white-matter

Days to weeks
Normal or periventriculitis

lesions

PCR+ for cytomegalovirus 90% PCR+ for JC/BK virus 60%

Table 1: Differentiation of HIV-D from opportunistic infections
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was estimated, from about 450 children, as 30% with a
survival of 6-24 months.* In many areas of the
world, antiretrovirals have reduced maternal-fetal
transmission and the prevalence of progressive
encephalopathy has fallen. Clinical features include
microcephaly, spastic paraparesis, and delayed or lost
developmental milestones. Identified risk factors
include low blood CD8 T-lymphocytes and high
circulating monocytes.* Pathogenic events in the brains
of HIV-infected children may differ from adults. For
example, children commonly have more florid infection
of subcortical astrocytes, high HIV production, and
prominent basal ganglia calcification.”*

Clinical features in adults

HIV-D commonly develops over a few months, rarely
weeks. Typically there is cognitive, behavioural, and
motor dysfunction, characteristic of a subcortical
dementia. Initial symptoms may be subtle, and are
commonly overlooked. In the early stages, short-term
memory loss, mental slowing, reading and
comprehension difficulties, and apathy are common
complaints. Table 1 shows some of the salient features
that differentiate HIV-D from cytomegalovirus
encephalitis and progressive multifocal leucoenceph-
alopathy; other mimics include cryptococcal or
tuberculous meningitis, primary CNS lymphoma, and
depression. Confounding factors, such as neurocognitive
impairment due to age or comorbid diseases such as
diabetes, cerebrovascular disease, and concomitant
hepatitis C infection can complicate the interpretation of
neurological deficits in suspected HIV-D.

Gait disturbance, with stumbling and tripping, is
common, and tremor and impairment of fine manual
dexterity develops in most patients. Other findings
include impaired rapid-eye movements, hyper-reflexia,
and release signs (such as a snout reflex). New-onset
mania develops in 5% of patients. Neuropsycho-
logically, there is preferential impairment of
psychomotor speed and memory. As the dementia
advances, more widespread deficits develop, including a
global dementia, often accompanied by myelopathy and
neuropathy. Neuropsychological test batteries used in
large epidemiological studies include tests of
psychomotor speed (eg, symbol digit modalities test and
trail making test). Another test, the HIV dementia
scale, is sensitive but has low specificity.”* The course
of HIV-D has changed with the introduction of
HAART,” and subtypes have been proposed: subacute
progressive dementia in untreated patients with severe,
progressive dementia; chronic active dementia in
patients on HAART but with incomplete virological
control and a more slowly progressive dementia;
chronic inactive dementia in people with virological
suppression on HAART who have had some recovery
from neuronal deficits and are neurologically stable;
and reversible dementia in patients on HAART who
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have initially progressive HIV-D but whose neurological
deficits have reversed with effective virological
suppression.

Other subtypes of HIV-associated CNS dysfunction
have been recognised, including: HIV demyelinating
leucoencephalopathy in those who fail HAART,
characterised by massive CNS infiltration of HIV-
infected monocytes and macrophages, and extensive
white-matter  destruction; acute encephalopathy
associated with immune reconstitution inflammatory
syndrome in which patients with initially high viral loads
and low CD4 counts develop an acute infiltration of CD8
cells in the brain after HAART;” and HIV vacuolar
leucoencephalopathy in which the histopathology is
similar to HIV vacuolar myelopathy.*

Diagnostic studies

CSF analysis may be needed in patients who are febrile
and acutely encephalopathic to exclude cryptococcal or
tuberculous meningitis, but is generally not needed in
the more typical non-febrile, slowly progressive forms
of HIV-D, provided that imaging can be used to exclude
CNS opportunistic infections. No definitive or
diagnostic CSF profile for HIV-D has yet entered
clinical practice. CSF abnormalities are common in
HIV-D, including high CSF concentrations of HIV
RNA and signs of immune activation. Thus
concentrations of HIV RNA in CSF relate with the
severity of neurological deficits in untreated
individuals,** but are attenuated in patients treated
with HAART so do not relate with neurological status
in these patients. Decline in CSF concentrations of
HIV RNA with HAART relates with the reversal of
neurological deficits.”# Various CSF markers of
immune activation, or neuronal injury such as
neopterin,” B2 microglobulin,®  quinolinic acid,”
soluble Fas,”” and protein carbonyls® also relate with
dementia severity, but have not been validated in
patients treated with HAART. Sphingolipid products,
indicative of oxidative stress, have been assessed and
may indicate the activity of HIV-D.*

Imaging studies are commonly used both to exclude
CNS opportunistic processes but also to identify
characteristic radiological changes in HIV-D. Typically,
MRI shows both cortical and subcortical atrophy and,
deep within the white matter, characteristic confluent
signal abnormalities (figure 1). These white-matter
abnormalities represent increased interstitial water
content rather than demyelination, and can be
reversible with HAART. Magnetic-resonance spectro-
scopy shows increases in choline, reflecting
astrocytosis, and reductions in N-acetyl aspartate,
suggesting neuronal injury. These relate strongly with
the severity of HIV-D, overall cognitive function, CD4
cell count, plasma viral load, and CSF viral load.”
Cerebral metabolites can normalise after 9 months of
treatment with HAART, although the changes seem to
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Figure 1: White-matter abnormalities on CT and MRI
Left: CT scan showing ventricular enlargement and white-matter hypodensity. Right: FLAIR MRI showing both
cortical and central atrophy, and characteristic confluent signal abnormalities deep within the white matter.

lag behind improvements in CD4 count and CSF
concentrations of HIV RNA.*

Pathology

HIV probably accesses the CNS through the blood
stream, with infected monocytes crossing the
blood-brain barrier. The pathological features of
parenchymal infection include activation of macrophages
and astrocytes, and in some patients with HIV-D,
multinucleated giant cells, representing the fusion of
HIV-infected macrophages. Neuropathological changes
are most prominent in the basal ganglia.” Studies with
in situ PCR and laser capture dissection microscopy
have confirmed that productive infection is focused
within perivascular macrophages and microglia, with
restrictive or non-productive infection of astrocytes.’®*
Because CD4 is absent from the cell surface of
astrocytes, this infection may be independent of CD4.%¢'
Regionally, most productive HIV infection is within the
basal ganglia, brainstem, and deep white matter.®¢
There is also prominent upregulation of chemokines
and cytokines particularly in the basal ganglia
(figure 2).% This regional susceptibility might account
for the mostly subcortical symptoms. Diffuse rarefaction
of white matter is common, with breakdown of the
blood-brain barrier and astrocyte apoptosis leading
to dendritic simplification and neuronal loss.®
Morphometric studies have shown a decrease in brain
density of about 40% in frontal and temporal areas,*
and 50-90% within the hippocampus.® The decrease in
pyramidal neuron density is associated with dementia
severity,” and is consistent with the central atrophy seen
on MRI and with the decreases in N-acetyl aspartate
concentrations on magnetic-resonance spectroscopy.””
The selectivity of these pathological changes probably
parallels differences in the distribution of perivascular
macrophages in various brain regions.
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Figure 2: Monocyte chemoattractant protein-1 colocalised with microglia (yellow)
Confocal photomicrograph of brain of patient with in HIV-D. Scale bars are 20 um. Courtesy of Diana Vargas and Carlos Pardo, Johns Hopkins University.
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Pathophysiology

Simian-immunodeficiency-virus encephalitis (a repro-
ducible non-human primate model of subacute
encephalitis developed by the dual inoculation of
immunosuppressive and neurovirulent strains in pig-
tailed macaques)”” and autopsy studies in human
beings have been crucial in advancing our
understanding of HIV-D. The parenchymal release of
proinflammatory cytokines impairs cellular functioning,
and induces the neuropathological changes in HIV-D.”*”
The severity of HIV-D is strongly associated with
numbers of activated CNS macrophages and with the
expression of activated astrocyte-derived and
macrophage-derived products. The density of apoptotic
astrocytes also relates with the rapidity of progression of
HIV-D.®

Infected or activated perivascular macrophages
contribute to the development of HIV-D through many
mechanisms. These cells release several potent toxins,
including viral gene products such as tat and gp120, and
a range of cellular gene products including
proinflammatory cytokines such as tumour necrosis
factor «, eicosanoids, nitric oxide, platelet activating
factor, quinolinic acid, and extracellular matrix-
degrading proteases.”* The precise role of viral proteins
in pathogenesis is reviewed elsewhere.® Viral proteins
do not necessarily need a continuous presence to cause
neuronal damage or glial-cell activation but can act in a
single event.” Specific neurovirulent HIV strains,
characterised by increased neurotoxicity of tat and
gp120, may evolve within the CNS in people with
HIV-D.##

The products of activated monocytes and viral proteins
can activate astrocytes, leading to the release of astrocyte-
derived cytokines and chemokines, altered neuro-
transmitter uptake and release of excitotoxins. MCP-1,
stromal derived factor-1, and RANTES may be
particularly important.®®

Treatment

It is beyond the scope of this review to detail the
different classes of antiretroviral drugs and their use in
clinical practice. The United States Department of
Health and Human Services released the most recent
version of the federal guidelines for use of antiretroviral
drugs in HIV-infected adults and adolescents.” They
generally recommend that a combination of drugs is
begun when CD4 count is below 350 cu/mm or plasma
HIV RNA is above 100 000 copies per ml. Preferred
initial regimens are either efavirenz + (lamivudine or
emtricitabine) + (zidovudine or tenofovir) or lopinavir
boosted with ritonavir + (lamivudine or emtricitabine)
plus zidovudine. Additional recommendations are
detailed for second or salvage regimens.

The main aim of antiretroviral therapy in HIV-D is to
produce complete virological suppression in both
plasma and the CNS (figure 3). Neuropsychological
testing has traditionally been used to measure
progression in HIV-D, with particular emphasis on
timed tasks. Surrogate biomarkers for neurological
improvement are being developed, including CSF
markers of oxidative stress and immune activation,
proteomic  markers, and magnetic resonance
spectroscopy.

The primary objective in treating HIV-D with HAART
is to maximally suppress HIV replication in the CNS. As
with most antimicrobials, brain penetration is crucial to
achieve this goal. Unfortunately, we know little about the
parenchymal penetration of available drugs.*” CSF
concentrations are generally much lower than plasma
concentrations, particularly for the protease inhibitors,
and active efflux pumps may eliminate this class of drug
from the brain® It is unclear how well CSF
concentrations reflect parenchymal concentrations.
Whether particular combinations of antiretrovirals have
better brain penetration and might therefore be more
effective in treatment of HIV-D is also controversial.**
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Although only empirically defined, these include
stavudine, zidovudine, abacavir, lamivudine, efavirenz,
nevirapine, and indinavir. In managing the individual
patient with HIV-D, the flow chart in figure 3 provides
an algorithmic approach. Patterns of ART resistance
mutations can differ between plasma and CSF,”** and
this may have implications for the success of a regimen.
Thus, if CSF HIV RNA is detectable, genotypic analysis
may provide additional information to guide the
selection of the HAART regimen.

Potent antiretroviral regimens, typically consisting of
three or more antiretrovirals, are now the standard
treatment for patients with HIV-D. Protease inhibitor-
containing regimens can reverse neurocognitive deficits,
both in developed countries®™ and resource-limited
areas.” Important findings came from study of HAART,
with the addition of high-dose abacavir.'” The
augmentation of HAART with one drug gave
no additional improvement in neuropsychological
performance or CSF HIV RNA suppression.
Additionally, the reversal of neurological deficits in
HIV-D was slower than anticipated with neuro-
psychological improvements continuing to accrue even
after 5 months of HAART. Several cohort studies,
including  Central  Nervous  System  Human
Immunodeficiency Virus Antiretroviral Therapy Effects
Research (CHARTER) and Northeastern AIDS Dementia
Cohort (NEAD), will explore the relation between
different patterns of HAART exposure and therapeutic
responses of HIV-D.

Given that aberrant immune activation is likely to have
a pivotal role in sustaining or magnifying the CNS
damage induced by HIV-1, attention has focused on
adjunctive therapies targeted at attenuating the CNS
effects of inflammatory products (table 2)." The results
of these trials have been mostly disappointing, with
either no or only modest effects on neuropsychological
function. Monoamine-oxidase-B inhibitors, except for
selegiline, improved memory in two controlled trials,
although the mechanism is speculative,™'* and results
from a larger phase II trial (AACTG-5090) are awaited.
Because of the clinical effects of developing HIV-D there
is an urgent need for the pharmaceutical industry and
HIV trials networks to do more treatment trials for
HIV-D, especially to define the optimal antiretroviral
regimen for CNS efficacy.

Future research

The current definition of HIV-D and minor cognitive
motor disorder (panel 2)'* may need to be modified to
include both the severity of dementia and also its
progression over time. In all studies, the duration,
regimen, and virological efficacy of HAART should be
reported, and autopsy studies should include when
HAART was discontinued before death. Studies in
human beings and simian-immunodeficiency-virus-
encephalitis models should focus on the development
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Subacute cognitive impairment |

¥

| MRl or CT |

+

| Diffuse white-matter lesions or atrophy |

+

| Likely HIV dementia |

¥

| CSF to exclude opportunistic infections |

¥

Optimise antiretroviral therapy with drugs that
penetrate CNS and according to viral-resistance profile

¥

| Monitor plasma viral load and CD4 cell count |

|
v v

| Cognitive improvement | | Continued cognitive impairment |
| Continue current therapy | | Repeat MRI and CSF viral load |

|
v v

No detectable viral load |

Detectable viral load |

¥

HIV genotypic resistance
testing
‘ v
Reinvestigate for other Change antiretroviral
causes of dementia therapy regimen

Figure 3: Flow chart of management of subacute or chronic cognitive impairment in HIV AIDS

and validation of surrogate markers to predict or identify
different subtypes of HIV-D. A more complete
understanding of the pathogenetic mechanisms of
HIV-D would facilitate the development of targeted
adjunctive therapies. Methods for increasing delivery of
antiretroviral drugs to the parenchyma across the

Action Findings
Nimodipine Calcium channel blocker Trend for improvement in neuropsychological performance at
highest dose only
Peptide T Possibly chemokine, No effect
receptor blockade
0PC14117 Antioxidant, neuroprotectant  Positive neuropsychological performance
Thioctic acid Antioxidant, neuroprotectant  Positive effect on neuropsychological performance via selegiline
versus selegiline
Lexipafant PAF antagonist Trend for improvement in verbal learning and timed gait
CPI-1189 TNF a antagonist Minimum effect on neuropsychological performance;
improvement in peg-board test at highest dose; worsened
simian-immunodeficiency-virus encephalitis
Minocycline’®  Anti-inflammatory and Strong effects on SIV encephalitis
P38 MAP kinase inhibitor and in vitro suppression of HIV and SIV
Selegiline Antioxidant, neuroprotectant  Improvement in verbal learning; trend for improvement in recall
and psychomotor speed

PAF=platelet activating factor; SIV=simian immunodeficiency virus; TNF=tumour necrosis factor.

Table 2: Trials of adjunctive drugs for HIV-D or SIV encephalitis
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Panel 2: Operational definition of HIV-D and clinical features of use for diagnosis*
HIV-1 seropositivity
History of acquired and commonly progressive cognitive-behavioural decline, with
apathy, memory loss, and slowed mental processing

Neurological examination: diffuse and symmetrical CNS signs, including slowed eye and
limb movements, apraxia, hyper-reflexia, hypertonia, and release signs
Neuropsychological assessment: impairment in at least two domains, including frontal
lobe, psychomotor speed, and non-verbal memory

CSF analysis: exclusion of neurosyphilis, TB, and cryptococcal meningitis

CT and MRI: diffuse cerebral atrophy with symmetrical deep white-matter hyperintensities.
Exclusion criteria: major psychiatric disorder, intoxication or other cause for dementia;
metabolic impairment—eg, hypoxia, sepsis, uraemia; active CNS opportunistic processes
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*Adapted from reference 106

blood-brain barrier, as well as the use of high
throughput assays or assays relevant to HIV-mediated
neurotoxicity, are needed. The effects of new
antiretroviral drugs on cognitive dysfunction should be
studied through controlled clinical trials, not only in
more developed countries, but also in those that are
resource-poor and have high HIV seroprevalence. The
role of therapeutic vaccines needs to be explored with
epitopes of HIV proteins that have been identified as
causing neurotoxicity or glial-cell activation.

HIV-1-associated myelopathies

Vacuolar myelopathy (VM) is the myelopathy most
commonly associated with HIV-1; it is a slowly
progressive painless spastic paraparesis, with sensory
ataxia and neurogenic bladder, characterised by
prominent vacuolar changes in the ascending and
descending tracts that particularly affect the thoracic
spinal cord. VM is symptomatic in 5-10% of patients
with AIDS, but has been identified pathologically in

(0

Figure 4: Pathological findings in vacuolar myelopathy showing intralamellar
vacuolation in the spinal white matter, particularly in the lateral and
posterior columns of the thoracic spinal cord

Courtesy of Carlos Pardo, Johns Hopkins University.

almost 50% of cases at autopsy.” This myelopathy
commonly parallels the development of dementia.

MRIs of the spine are typically normal, or may show
non-specific tract hyperintensities. Somatosensory
evoked potentials have been used to track changes in the
myelopathy and substantially delayed latencies of central
potentials are commonly restricted to the thoracolumbar
spinal cord."™®

Risk factors for VM include a high number of systemic
AIDS-defining illnesses (such as Prneumocystis carinii);
sensory neuropathy was five times more common in
patients with VM. The main pathology in VM is
intralamellar vacuolation in the spinal white matter,
particularly in the lateral and posterior columns of the
thoracic spinal cord (figure 4). Pathological evidence of
productive HIV infection within the spinal cord is only
found in about 6% of patients." However, there is
marked macrophage activation and cytokine release
within the spinal cord. Disturbances in vitamin

Bl2-dependent transmethylation pathways may
be pathogenetically important: CSF  S-adenosyl
methionine concentrations are reduced in VM."

Cytokines, particularly tumour necrosis factor, might
also be important. Transgenic mice expressing low
concentrations of Nef in oligodendrocytes developed
vacuolar changes which were similar to those in mice
with VM."™

HIV-associated myelitis is less common than VM, and
can present as transverse myelitis with contrast-
enhancing intramedullary lesions." Other causes
should be excluded, particularly HTLV-1 associated
myelopathy, syphilitic or tuberculous myelitis, vitamin-
B12 deficiency, cytomegalovirus myeloradiculitis, and
herpes-zoster-virus myelitis.

Treatment of HIV-associated VM

Studies of antiretroviral drugs have not proven them
effective for VM, however, high dose supplemental
methionine had a modest Dbenefit’™ A trial of
intravenous immunoglobulin is underway. Most current
treatments are aimed at relieving spasticity, improving
ambulation with physical therapy, and managing the
neurogenic bladder.

A priority for future research is to improve diagnostic
imaging techniques so that VM can be distinguished
from other myelopathies, and to allow for the early
identification of neurological disease. In addition,
research should improve therapies targeting macrophage
activation within the spinal cord.

Sensory neuropathies associated with HIV

The peripheral nervous system may be involved in
diverse ways. Several diagnoses, which might be
immune-mediated, have been described, such as cranial
neuropathies, polymyositis, motor-neuron disease, and
inflammatory demyelinating polyneuropathies; these
are discussed elsewhere."*'
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Epidemiology

HIV associated sensory neuropathies (HIV-SN) include
distal sensory polyneuropathy and antiretroviral toxic
neuropathy, the clinical features of which cannot be
distinguished. Because some investigators think
antiretroviral toxicity might “unmask” an existing silent
distal-sensory polyneuropathy, most discussions of the
clinical features and epidemiology present the sensory
neuropathies in a combined format. About 30% of
patients with AIDS who were hospitalised"*” had a
distal-sensory polyneuropathy without antiretroviral
toxicity, according to clinical and electrophysiological
findings. The prevalence was much lower in less
advanced HIV infection, occurring in only 2 of 798 (3%)
people with CD4 cell counts less than 200 X 10¢/1."*
Subclinical peripheral-nerve dysfunction was present on
quantitative sensory testing in 36% of patients with
AIDS or AIDS-related complex." Incidence data from
the Multicenter AIDS Cohort Study (MACS) in the era
before HAART estimated an annual incidence of HIV-
SN of 7% in those with CD4 cell counts less than
200 X 10°/1. Up to 34% of children infected with HIV
may have a distal-sensory polyneuropathy, although it
tends to be less severe than in adults.”

Risk factors for HIV-SN include age, nutritional
deficiencies, alcohol exposure, HIV “set-point”, and low
CD4 count.” Studies of groups who received HAART
have not shown a relation between these factors and the
development of symptomatic sensory neuropathies.'

Clinical features

The symptoms of HIV-SN are dominated by pain, or at
least uncomfortable “positive” sensations. Distal sensory
polyneuropathy and antiretroviral toxic neuropathy
cannot readily be differentiated—the etiology is typically
determined by the timing with respect to exposure to
offending nuceloside reverse transcriptase inhibitors.
The symptoms are typically bilateral, of gradual onset,
and described as “aching”, “painful numbness”, or
“burning”;'* they are typically most severe on the soles
of the feet, worse at night, or after walking. Patients

commonly have hyperalgesia and allodynia. Weakness
tends to be a rare symptom and is shown by assessment
to be absent or confined to the intrinsic foot muscles.
Fasciculations are not seen, and stretch reflexes are
typically absent or reduced at the ankles. Nerve-
conduction velocities commonly show an axonal, length-
dependent, sensory polyneuropathy. Quantitative
sensory testing shows impairment of thresholds for
heat, pain, and cooling.

The diagnostic approach to a patient with suspected
HIV-SN should include a careful history of antiretroviral
therapies, and address other possible causes of
neuropathy, especially other toxic drugs, compression or
entrapment neuropathies, and confounding neuro-
pathies such as diabetes mellitus. Assessment of
epidermal nociceptive fibres with skin-punch biopsy
might also be helpful diagnostically when the degree of
sensory loss is poorly described, or possible psychogenic
factors intrude.”™ Quantitative sensory testing is a
research tool and not widely available for clinical use.

Pathology and pathophysiology of distal-sensory
polyneuropathy
Length-dependent axonal degeneration of sensory fibres,
with little evidence of nerve-fibre regeneration,
characterises distal-sensory polyneuropathy.” Both
large myelinated and unmyelinated nerve fibres are lost.
Distal-sensory polyneuropathy can therefore be grouped
with disorders such as diabetes and amyloidosis that
have prominent small sensory fibre involvement. Distal-
sensory polyneuropathy is consistent with the notion of
a dying back neuropathy,” with degeneration of the
rostral gracile tract” the CNS counterpart of the
peripheral degeneration, and of the distal terminals of
the peripherally directed axon. Skin-punch biopsies have
been used effectively to show the epidermal denervation
characteristic of neuropathies which affect small-
diameter nerve fibres.”

The overt neuropathological changes in distal-sensory
polyneuropathy include inflammatory infiltrates of
lymphocytes and activated macrophages (figure 5), low
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Figure 5: Dorsal root ganglia in HIV-SN

Left: Low-power photomicrograph of dorsal root ganglia showing large sensory neurons and infiltrating inflammatory cells. Middle: Higher power photomicrograph showing neuronal loss (arrow) and

inflammation. Right: CD68 staining shows macrophage activation and infiltration. Scale bars are 50 um. Reproduced with permission from Blackwell Publishing.
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Upregulation of
sodium channels in
dorsal-root-ganglion neurons

Dying-back pattern of
Wallerian degeneration

Central
sensitisation

Touch

Pain

...

Activated macrophage infiltration
in peripheral nerve and dorsal root ganglion

Peripheral sensitisation

Epidermis

Figure 6: Hypothetical model of pathogenesis of pain in distal sensory polyneuropathy
A: Injury of peripheral nerve fibres due to multifocal inflammation and secreted macrophage activation products

results in abnormal spontaneous activity of neighbouring uninjured nociceptive fibres (“peripheral sensitistion”).
B: The aberrant inflammatory response in dorsal root ganglia leads to alterations in neuronal sodium and calcium
channel expression and ectopic impulse generation. C: Central remodeling within the dorsal horn is due to A-fibre

sprouting and synaptic formation with pain fibres in lamina Il, and maintenance of neuropathic pain (“central
sensitisation”). Reproduced with permission from Lippincott, Williams, and Wilkins.**
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numbers of dorsal-root ganglion neurons, and high
numbers of nodules of Nageotte."" The amount of
macrophage activation within the dorsal root ganglion
relates with symptomatic HIV-SN."* Although infection
of dorsal-root-ganglion neurons with HIV has been
shown with PCR hybridisation in situ in one study," it
is more likely that the virus is mostly localised in
perivascular inflammatory cells and the nodules of
Nageotte.””'* The envelope glycoprotein, gp120, may
produce neurotoxicity within the dorsal root ganglion,
and in-vitro studies have suggested that gp120 induces
apoptosis in rodent dorsal-root-ganglion cultures' and
lowers the threshold for excitation.” The prominent
presence of proinflammatory cytokines, including
tumour necrosis factor o, interferon «, interleukin 6,
and other inflammatory mediators including nitric
oxide, has been shown in dorsal root ganglia in AIDS.
This aberrant inflammatory response may lead to the
upregulation of sodium channels within the dorsal root
ganglia, leading to neuronal hyperexcitability, as has
been seen in animal models.” Another theoretical

mechanism derives from the loss of unmyelinated input
into lamina II of the substantia gelatinosa with
subsequent ingrowth of A fibres and the aberrant
processing of sensory inputs.’” The severity of pain can
be out of proportion to the amount of epidermal nerve-
fibre loss™® and may correspond to spontaneous activity
in uninjured C fibres.”” This theory is supported by
animal nerve injury experiments, in which partial injury
to nerves and partial denervation of the epidermis is
associated with the development of neuropathic pain.

Pathology and pathophysiology of antiretroviral toxic
neuropathy

Little is known about the specific pathological changes of
antiretroviral-toxic neuropathy, although sural-nerve
biopsies have shown severe axonal destruction,
prominent in unmyelinated fibres. Antiretroviral-toxic
neuropathy is thought to be mostly related to exposure
to specific dideoxynucleosides.* Because of the
frequency of antiretroviral-toxic neuropathy, particularly
in advanced HIV disease, prescribing patterns have
changed in the developed world to limit the use of
specific dideoxynucleosides (d4T, ddI and especially
ddC). In resource-limited countries, however, generic
antiretroviral combinations typically contain d4T.
Prominent mitochondrial abnormalities have been
shown in association with exposure to nucleoside reverse
transcriptase inhibitors,' and are thought to underlie the
pathogenesis of antiretroviral-toxic neuropathy. This is
further supported by evidence of increased serum lactate
concentrations and reduced serum concentrations of
acetylcarnitine'® in patients with antiretroviral-toxic
neuropathy and in-vitro observations of a graded
inhibition of gamma DNA polymerase by the different
nucleoside reverse transcriptase inhibitors."* Specific
dideoxynucleosides, (ddC, ddI, and d4T) are potent
inhibitors of this enzyme,* whereas zidovudine,
lamivudine, and abacavir (drugs which are not associated
with antiretroviral-toxic neuropathy) have only limited
effect. The effect of nucleoside reverse transcriptase
inhibitors on mitochondria is seen in vitro as a reduction
in the copy numbers of mtDNA" and metabolic
abnormalities."*'” Assays of human mitochondrial DNA
in peripheral-blood leucocytes and subcutaneous fat have
not related closely with neuropathy,"* although they do
normalise with discontinuation of the neurotoxic
nuceloside reverse transcriptase inhibitors.

In-vitro studies of neuronal cultures have shown that
dideoxynucleoside inhibition of neurite outgrowth is
dose-dependent.'*"** The neuroprotective immunophilin
ligand, FK506, prevents the development of
neurotoxicity by ddC, as judged by amelioration of ddC-
induced “neuritic pruning”, neuronal mitochondrial
depolarisation, and neuronal necrotic death. This
finding suggests a calcineurin-independent mechanism
of neuroprotection. The mechanism of neuronal injury
from ddC and other DDX drugs seems to be distinct
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from the neurotoxicity of the envelope glycoprotein,
gp120. Thus, ddC mediates injury through neuronal
necrosis, whereas gp120 is predominantly apoptotic and
mediated through Schwann cells (figure 6)."

Treatment

Pathogenic mechanisms of HIV-SN are being clarified,
and restorative therapies are mnot available. For
antiretroviral-toxic neuropathy, it is reasonable to
discontinue the offending dideoxynucleoside (eg, ddI,
d4T) and change the HAART regimen, provided that
there is another regimen to offer. Failing this, a patient
may need to continue the regimen with the addition of
pain-modifying drugs. After discontinuation of a toxic
dideoxynucleoside, symptomatic improvement can be
expected in most individuals within about 3 months."
Various pain-modifying drugs have been used for
HIV-SN, as for diabetic polyneuropathy, including
tricyclic antidepressants, anticonvulsants, and narcotics.
Some positive results have been achieved with high-dose
topical capsaicin or topical lidocaine, especially in
patients with symptoms confined to the feet.”** Placebo-
controlled trials have shown a modest benefit of
amitriptyline on neuropathic pain,” and a large effect
for lamotrigine in two separate studies.”*'* High-dose
coenzyme Q increased pain in patients with HIV-SN,"
and acupuncture was ineffective.”” Patients with severe
neuropathies may require narcotic analgesics for pain
relief, and long-acting narcotics such as transdermal
fentanyl, morphine, or oxycodone preparations are
particularly useful. Specific prescribing guidelines and
contracts should be used, particularly if there is any
history of substance abuse. Hoke and colleagues™® give
further details on management.

Regenerative strategies have been attempted for
HIV-SN, including trials of recombinant human nerve
growth factor, which has also been trialled for diabetic
polyneuropathy. The rationale was that nerve growth
factor is trophic for small sensory neurons, and in both
in-vitro and in-vivo models stimulates the regeneration
of damaged nerve fibres.” In a study of 270 patients
with HIV-SN, a modest effect on neuropathic pain and
pain sensitivity was shown.'® Unfortunately the clinical
development of nerve growth factor has been halted, and
interest has now moved to the neurophilin class of
compounds, and other potentially regenerative drugs
including L-acetyl carnitine and xaliproden. In vitro, the
hormone erythropoietin prevented sensory axonal
degeneration and dorsal-root-ganglion neuronal death
induced by both gp120 and ddC,**'*" and a randomised
clinical trial is in development.

Future research

The initial axonal injury in HIV-SN may involve many
trigger factors—impaired glucose tolerance, hepatitis C
co-infection, or nutritional effects. Further research into
the relevance of these underlying comorbid disorders is

http://neurology.thelancet.com Vol 4 September 2005

Search strategy and selection criteria
We searched PubMed from 1986 to March 2005 for

“HIV-associated dementia”, “vacuolar myelopathy” or
“sensory neuropathies”.

needed. The mechanism by which nerve injury in
HIV-SN causes pain is unknown. Investigation of
mechanisms for pain, using animal models or autopsy
material, may help in facilitating the design of more
rational therapeutics, not only for HIV-SN but also for
other types of sensory neuropathy. As sensory
neuropathies become more prevalent, there will be a
greater need for the development not only of
symptomatic treatments, but also of drugs designed to
protect or rescue nerves from neurotoxicity or the effects
of multifocal inflammation.

Conclusion

AIDS has caused 20 million deaths, and it is estimated
that almost 38 million people worldwide are infected
with HIV. The range of neurological disorders
associated with HIV AIDS continues to increase, and
HIV-D and HIV-SN will increase in prevalence as use of
HAART increases, survival lengthens, and there are
more people living with HIV. Generic antiretrovirals
in resourcelimited countries commonly contain
neurotoxic nucleoside analogues, such as d4T, and the
lengthy exposure to these regimens will induce
symptomatic neuropathy, especially in vulnerable
populations—ie, old people and people with impaired
glucose tolerance. A unifying mechanism in HIV-
associated neurological diseases is the importance of
macrophage activation both within the CNS and
peripheral nervous system. HIV treatments focus on
this aspect of pathogenesis and may have important
implications for other neurological disorders.
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Summary

This report updates U.S. Public Health Service recommendations for the management of health-care personnel (HCP) who
have occupational exposure to blood and other body fluids that might contain human immunodeficiency virus (HIV). Although
the principles of exposure management remain unchanged, recommended HIV postexposure prophylaxis (PEP) regimens have
been changed. This report emphasizes adherence to HIV PEP when it is indicated for an exposure, expert consultation in manage-
ment of exposures, follow-up of exposed workers to improve adherence to PED and monitoring for adverse events, including
seroconversion. 10 ensure timely postexposure management and administration of HIV PED clinicians should consider occupa-

tional exposures as urgent medical concerns.

Introduction

Although preventing exposures to blood and body fluids is
the primary means of preventing occupationally acquired
human immunodeficiency virus (HIV) infection, appropri-
ate postexposure management is an important element of
workplace safety. In 1996, the first U.S. Public Health Service
(PHS) recommendations for the use of postexposure prophy-
laxis (PEP) after occupational exposure to HIV were published;
these recommendations have been updated twice (/-3). Since
publication of the most recent guidelines in 2001, new
antiretroviral agents have been approved by the Food and Drug
Administration (FDA), and additional information has
become available regarding the use and safety of HIV PEP. In
August 2003, CDC convened a meeting of a PHS interagency
working group* and consultants to assess use of HIV PEP.

* This interagency working group included representatives from CDC, FDA,
the Health Resources and Services Administration, and the National Institutes
of Health. Information included in these recommendations might not
represent FDA approval or approved labeling for the particular product or
indications in question. Specifically, the terms “safe” and “effective” might
not be synonymous with the FDA-defined legal standard for product approval.

The material in this report originated in the National Center for
Infectious Diseases, Anne Schuchat, MD, Acting Director; Division
of Healthcare Quality Promotion, Denise M. Cardo, MD, Director.
Corresponding preparer: Adelisa L. Panlilio, MD, MPH, Division
of Healthcare Quality Promotion, National Center for Infectious
Diseases, CDC, 1600 Clifton Rd., NE, MS E-68, Atlanta, GA 30333.
Telephone: 404-498-1265; Fax: 404-498-1244; E-mail: alp4@cdc.gov.

On the basis of this discussion, the PHS working group
decided that updated recommendations for the management
of occupational exposure to HIV were warranted.

This report modifies and expands the list of antiretroviral
medications that can be considered for use as PEP. This report
also emphasizes prompt management of occupational expo-
sures, selection of tolerable regimens, attention to potential
drug interactions involving drugs that could be included in
HIV PEP regimens and other medications, consultation with
experts for postexposure management strategies (especially
determining whether an exposure has actually occurred) and
selection of HIV PEP regimens, use of HIV rapid testing, and
counseling and follow-up of exposed personnel.

Recommendations on the management of occupational
exposures to hepatitis B virus or hepatitis C virus have been
published previously (3) and are not included in this report.
Recommendations for nonoccupational (e.g., sexual, pediat-
ric, and perinatal) HIV exposures also have been published
previously (4-6).

Definition of Health-Care Personnel
and Exposure

The definitions of health-care personnel (HCP) and occu-
pational exposures are unchanged from those used in 2001
(3). The term HCP refers to all paid and unpaid persons work-
ing in health-care settings who have the potential for expo-
sure to infectious materials (e.g., blood, tissue, and specific
body fluids and medical supplies, equipment, or environmental
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surfaces contaminated with these substances). HCP might
include, but are not limited to, emergency medical service
personnel, dental personnel, laboratory personnel, autopsy
personnel, nurses, nursing assistants, physicians, technicians,
therapists, pharmacists, students and trainees, contractual staff
not employed by the health-care facility, and persons not
directly involved in patient care but potentially exposed to
blood and body fluids (e.g., clerical, dietary, housekeeping,
maintenance, and volunteer personnel). The same principles
of exposure management could be applied to other workers
who have potential for occupational exposure to blood and
body fluids in other settings.

An exposure that might place HCP at risk for HIV infec-
tion is defined as a percutaneous injury (e.g., a needlestick or
cut with a sharp object) or contact of mucous membrane or
nonintact skin (e.g., exposed skin that is chapped, abraded,
or afflicted with dermatitis) with blood, tissue, or other body
fluids that are potentially infectious. In addition to blood and
visibly bloody body fluids, semen and vaginal secretions also
are considered potentially infectious. Although semen and
vaginal secretions have been implicated in the sexual trans-
mission of HIV, they have not been implicated in occupa-
tional transmission from patients to HCP. The following fluids
also are considered potentially infectious: cerebrospinal fluid,
synovial fluid, pleural fluid, peritoneal fluid, pericardial fluid,
and amniotic fluid. The risk for transmission of HIV infec-
tion from these fluids is unknown; the potential risk to HCP
from occupational exposures has not been assessed by epide-
miologic studies in health-care settings. Feces, nasal secretions,
saliva, sputum, sweat, tears, urine, and vomitus are not con-
sidered potentially infectious unless they are visibly bloody;
the risk for transmission of HIV infection from these fluids
and materials is low (7).

Any direct contact (i.e., contact without barrier protection)
to concentrated virus in a research laboratory or production
facility requires clinical evaluation. For human bites, clinical
evaluation must include the possibility that both the person
bitten and the person who inflicted the bite were exposed to
bloodborne pathogens. Transmission of HIV infection by this
route has been reported rarely, but not after an occupational
exposure (8—12).

Risk for Occupational Transmission
of HIV

The risks for occupational transmission of HIV have been
described; risks vary with the type and severity of exposure
(2,3,7). In prospective studies of HCP, the average risk for
HIV transmission after a percutaneous exposure to HIV-
infected blood has been estimated to be approximately 0.3%

(95% confidence interval [CI] = 0.2%-0.5%) (7) and after
a mucous membrane exposure, approximately 0.09%
(CI = 0.006%-0.5%) (3). Although episodes of HIV trans-
mission after nonintact skin exposure have been documented,
the average risk for transmission by this route has not been
precisely quantified but is estimated to be less than the risk
for mucous membrane exposures. The risk for transmission
after exposure to fluids or tissues other than HIV-infected
blood also has not been quantified but is probably consider-
ably lower than for blood exposures.

Epidemiologic and laboratory studies suggest that multiple
factors might affect the risk for HIV transmission after an
occupational exposure (3). In a retrospective case-control study
of HCP who had percutaneous exposure to HIV, increased
risk for HIV infection was associated with exposure to a larger
quantity of blood from the source person as indicated by 1) a
device (e.g., a needle) visibly contaminated with the patient’s
blood, 2) a procedure that involved a needle being placed
directly in a vein or artery, or 3) a deep injury. The risk also
was increased for exposure to blood from source persons with
terminal illness, possibly reflecting either the higher titer of
HIV in blood late in the course of acquired immunodeficiency
syndrome (AIDS) or other factors (e.g., the presence of syn-
cytia-inducing strains of HIV). A laboratory study that dem-
onstrated that more blood is transferred by deeper injuries
and hollow-bore needles lends further support for the observed
variation in risk related to blood quantity (3).

The use of source-person viral load as a surrogate measure
of viral titer for assessing transmission risk has not yet been
established. Plasma viral load (e.g., HIV RNA) reflects only
the level of cell-free virus in the peripheral blood; latently
infected cells might transmit infection in the absence of vire-
mia. Although a lower viral load (e.g., <1,500 RNA copies/
mL) or one that is below the limits of detection probably
indicates a lower titer exposure, it does not rule out the possi-
bility of transmission.

Antiretroviral Agents for PEP

Antiretroviral agents from five classes of drugs are currently
available to treat HIV infection (13,14). These include the
nucleoside reverse transcriptase inhibitors (NRTTs), nucleotide
reverse transcriptase inhibitors (NtRTTs), nonnucleoside re-
verse transcriptase inhibitors (NNRTTs), protease inhibitors
(PIs), and a single fusion inhibitor. Only antiretroviral agents
approved by FDA for treatment of HIV infection are included
in these guidelines. The recommendations in this report pro-
vide guidance for two- or-more drug PEP regimens on the
basis of the level of risk for HIV transmission represented by
the exposure (Tables 1 and 2; Appendix).
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TABLE 1. Recommended HIV postexposure prophylaxis (PEP) for percutaneous injuries

Infection status of source

Source of
unknown HIV
statusT

Unknown source$

HIV-negative

HIV-positive, HIV-positive,
Exposure type class 1* class 2*
Less severel Recommend basic Recommend
2-drug PEP expanded >3-drug
PEP
More severe$§ Recommend Recommend
expanded 3-drug expanded >3-drug
PEP PEP

Generally, no PEP
warranted;
however, consider
basic 2-drug PEP**
for source with HIV
risk factorstt

Generally, no PEP
warranted;
however, consider
basic 2-drug PEP**
for source with HIV
risk factorstt

Generally, no PEP
warranted;
however, consider
basic 2-drug PEP**
in settings in which
exposure to HIV-
infected persons is
likely

Generally, no PEP
warranted,;
however, consider
basic 2-drug PEP**
in settings in which
exposure to HIV-
infected persons is
likely

No PEP warranted

No PEP warranted

* HIV-positive, class 1 — asymptomatic HIV infection or known low viral load (e.g., <1,500 ribonucleic acid copies/mL). HIV-positive, class 2 — symptomatic
HIV infection, acquired immunodeficiency syndrome, acute seroconversion, or known high viral load. If drug resistance is a concern, obtain expert consul-
tation. Initiation of PEP should not be delayed pending expert consultation, and, because expert consultation alone cannot substitute for face-to-face
counseling, resources should be available to provide immediate evaluation and follow-up care for all exposures.

T For example, deceased source person with no samples available for HIV testing.

§ For example, a needle from a sharps disposal container.
T For example, solid needle or superficial injury.

** The recommendation “consider PEP” indicates that PEP is optional; a decision to initiate PEP should be based on a discussion between the exposed

person and the treating clinician regarding the risks versus benefits of PEP.

1 If PEP is offered and administered and the source is later determined to be HIV-negative, PEP should be discontinued.
§8 For example, large-bore hollow needle, deep puncture, visible blood on device, or needle used in patient’s artery or vein.

TABLE 2. Recommended HIV postexposure prophylaxis (PEP) for mucous membrane exposures and nonintact skin* exposures

Infection status of source

HIV-positive,
class 1t

HIV-positive,

Exposure type class 2t

Source of
unknown HIV
status$

Unknown sourcel

HIV-negative

Small volume** Consider basic 2- Recommend basic

drug PEPTT 2-drug PEP
Large volumeTl Recommend basic Recommend
2-drug PEP expanded >3-drug
PEP

Generally, no PEP
warranted$$

Generally, no PEP
warranted;
however, consider
basic 2-drug
PEPTT for source
with HIV risk
factors$8

Generally, no PEP
warranted

Generally, no PEP
warranted,;
however, consider
basic 2-drug
PEPTT in settings
in which exposure
to HIV-infected
persons is likely

No PEP warranted

No PEP warranted

* For skin exposures, follow-up is indicated only if evidence exists of compromised skin integrity (e.g., dermatitis, abrasion, or open wound).

T HIV-positive, class 1 — asymptomatic HIV infection or known low viral load (e.g., <1,500 ribonucleic acid copies/mL). HIV-positive, class 2 — symptomatic
HIV infection, AIDS, acute seroconversion, or known high viral load. If drug resistance is a concern, obtain expert consultation. Initiation of PEP should not
be delayed pending expert consultation, and, because expert consultation alone cannot substitute for face-to-face counseling, resources should be avail-

able to provide immediate evaluation and follow-up care for all exposures.

§ For example, deceased source person with no samples available for HIV testing.

1 For example, splash from inappropriately disposed blood.
** For example, a few drops.

1t The recommendation “consider PEP” indicates that PEP is optional; a decision to initiate PEP should be based on a discussion between the exposed

person and the treating clinician regarding the risks versus benefits of PEP.

§§ If PEP is offered and administered and the source is later determined to be HIV-negative, PEP should be discontinued.

M For example, a major blood splash.
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Toxicity and Drug Interactions of
Antiretroviral Agents

Persons receiving PEP should complete a full 4-week regi-
men (3). However, as a result of toxicity and side effects among
HCP, a substantial proportion of HCP have been unable to
complete a full 4-week course of HIV PEP (15-20). Because
all antiretroviral agents have been associated with side effects
(Table 3), the toxicity profile of these agents, including the
frequency, severity, duration, and reversibility of side effects,
is an important consideration in selection of an HIV PEP
regimen. The majority of data concerning adverse events have
been reported primarily for persons with established HIV
infection receiving prolonged antiretroviral therapy and there-
fore might not reflect the experience of uninfected persons
who take PEP. Anecdotal evidence from clinicians knowledge-
able about HIV treatment indicates that antiretroviral agents
are tolerated more poorly among HCP taking HIV PEP than
among HIV-infected patients on antiretroviral medications.

a substantial (range: 17%—47%) proportion of HCP taking
PEP after occupational exposures to HIV-positive sources did
not complete a full 4-week course of therapy because of in-
ability to tolerate the drugs (/5-17,19,20). Data from the
National Surveillance System for Health Care Workers
(NaSH), CDC’s occupational surveillance system for occupa-
tional exposures and infections in hospitals, for June 1995—
December 2004 indicate that 401 (46.9%) of 921 HCP with
at least one follow-up visit after starting PEP experienced one
or more symptoms. The symptom reported most frequently
was nausea (26.5%), followed by malaise and fatigue (22.8%)
(CDC, unpublished data, 2005). Of 503 HCP who stopped
HIV PEP prematurely (<28 days), 361 (24.0%) did so
because of adverse effects of the drugs. Similar data have been
reported from the Italian Registry of Antiretroviral
Postexposure Prophylaxis, which includes data primarily on
HCP taking PEP but also collects data on those taking PEP
after nonoccupational exposures (/8). In multivariate analy-
sis, those taking regimens that include PI were more likely to

TABLE 3. Primary side effects and toxicities associated with antiretroviral agents used for HIV postexposure prophylaxis, by

class and agent

Class and agent

Side effect and toxicity

Nucleoside reverse transcriptase inhibitors
(NRTI)
Zidovudine (Retrovir®; ZDV, AZT)
Lamivudine (Epivir®, 3TC)
Stavudine (Zerit™; d4T)

Class warning: all NRTIs have the potential to cause lactic acidosis with hepatic steatosis

Anemia, neutropenia, nausea, headache, insomnia, muscle pain, and weakness
Abdominal pain, nausea, diarrhea, rash, and pancreatitis
Peripheral neuropathy, headache, diarrhea, nausea, insomnia, anorexia, pancreatitis, elevated liver

function tests (LFTs), anemia, and neutropenia

Didanosine (Videx®; ddl)
Emtricitabine (Emtriva, FTC)

Pancreatitis, lactic acidosis, neuropathy, diarrhea, abdominal pain, and nausea
Headache, nausea, vomiting, diarrhea, and rash. Skin discoloration (mild hyperpigmentation on palms

and soles), primarily among nonwhites

Nucleotide analogue reverse transcriptase
inhibitor (NtRTI)
Tenofovir (Viread®; TDF)
Nonnucleoside reverse transcriptase inhibitors
(NNRTIs)
Efavirenz (Sustiva®; EFV)

Class warning: All NtRTIs have the potential to cause lactic acidosis with hepatic steatosis

Nausea, diarrhea, vomiting, flatulence, and headache

Rash (including cases of Stevens-Johnson syndrome), insomnia, somnolence, dizziness, trouble

concentrating, abnormal dreaming, and teratogenicity

Protease inhibitor
Indinavir (Crixivan®; IDV)
Nelfinavir (Viracept®; NFV)
Ritonavir (Norvir®; RTV)
triglycerides
Saquinavir (Invirase®; SQV)
Fosamprenavir (Lexiva®, FOSAPV)
Atazanavir (Reyataz®; ATV)
Lopinavir/ritonavir (Kaletra®; LPV/RTV)
Fusion inhibitor
Enfuvirtide (Fuzeon®; T-20)
cough

Nausea, abdominal pain, nephrolithiasis, and indirect hyperbilirubinemia
Diarrhea, nausea, abdominal pain, weakness, and rash
Weakness, diarrhea, nausea, circumoral paresthesia, taste alteration, and elevated cholesterol and

Diarrhea, abdominal pain, nausea, hyperglycemia, and elevated LFTs

Nausea, diarrhea, rash, circumoral paresthesia, taste alteration, and depression

Nausea, headache, rash, abdominal pain, diarrhea, vomiting, and indirect hyperbilirubinemia
Diarrhea, fatigue, headache, nausea, and increased cholesterol and triglycerides

Local injection site reactions, bacterial pneumonia, insomnia, depression, peripheral neuropathy, and

Sources: Package inserts; Panel on Clinical Practices for Treatment of HIV Infection. Guidelines for the use of antiretroviral agents in HIV-infected adults and
adolescents—April 7, 2005. Washington, DC: National Institutes of Health; 2005. Available at http://aidsinfo.nih.gov/guidelines/default_db2.asp?id=50.

Side effects have been reported frequently by persons tak-
ing antiretroviral agents as PEP (/5-23). In multiple instances,

experience PEP-associated side effects and to discontinue PEP
prematurely (<28 days). Because side effects are frequent and




http://aidsinfo.nih.gov/guidelines/default_db2.asp?id=50



Vol. 54 / RR-9

Recommendations and Reports 5

particularly because they are cited as a major reason for not
completing PEP regimens as prescribed, the selection of regi-
mens should be heavily influenced toward those that are tol-
erable for short-term use.

In addition, all approved antiretroviral agents might have
potentially serious drug interactions when used with certain
other drugs, requiring careful evaluation of concomitant medi-
cations, including over-the-counter medications and supple-
ments (e.g., herbals), used by an exposed person before
prescribing PEP and close monitoring for toxicity of anyone
receiving these drugs (24—33) (Tables 3-5). PIs and NNRTTs
have the greatest potential for interactions with other drugs.
Information regarding potential drug interactions has been
published (73,24-33). Additional information is included in
the manufacturers’ package inserts. Because of interactions,
certain drugs should not be administered concomitantly with
PIs or with efavirenz (EFV) (Tables 4 and 5). Consultation
with a pharmacist might be considered.

Selection of HIV PEP Regimens

Determining which agents and how many to use or when
to alter a PEP regimen is primarily empiric (34). Guidelines
for treating HIV infection, a condition typically involving a
high total body burden of HIV, recommend use of three or
more drugs (13,14); however, the applicability of these rec-
ommendations to PEP is unknown. Among HIV-infected
patients, combination regimens with three or more
antiretroviral agents have proved superior to monotherapy and
dual-therapy regimens in reducing HIV viral load, reducing
incidence of opportunistic infections and death, and delaying

onset of drug resistance (13,14). In theory, a combination of
drugs with activity at different stages in the viral replication
cycle (e.g., nucleoside analogues with a PI) might offer an
additive preventive effect in PEP, particularly for occupational
exposures that pose an increased risk for transmission or for
transmission of a resistant virus. Although use of a three- (or
more) drug regimen might be justified for exposures that pose
an increased risk for transmission, whether the potential added
toxicity of a third or fourth drug is justified for lower-risk
exposures is uncertain, especially in the absence of data sup-
porting increased efficacy of more drugs in the context of
occupational PEP. Offering a two-drug regimen is a viable
option, primarily because the benefit of completing a full
course of this regimen exceeds the benefit of adding the third
agent and risking noncompletion (35). In addition, the total
body burden of HIV is substantially lower among exposed
HCP than among persons with established HIV infection.
For these reasons, the recommendations in this report pro-
vide guidance for two- and three- (or more) drug PEP regi-
mens on the basis of the level of risk for HIV transmission
represented by the exposure (Tables 1 and 2; Appendix).

Resistance to Antiretroviral Agents

Known or suspected resistance of the source virus to
antiretroviral agents, particularly those that might be included
in a PEP regimen, is a concern for persons making decisions
about PEP (36). Drug resistance to all available antiretroviral
agents has been reported, and cross-resistance within drug
classes is frequent (37). Although occupational transmission
of drug-resistant HIV strains has been reported despite PEP

TABLE 4. Prescription and over-the-counter drugs that should not be administered with protease inhibitors (Pls) because of

drug interactions*

Drug

Comment

Antimycobacterials: rifampin

Decreases plasma concentrations and area under plasma concentration curve of the majority of Pls

by approximately 90%, which might result in loss of therapeutic effect and development of resistance

Benzodiazepines: midazolam, triazolam

Contraindicated because of potential for serious or life-threatening events (e.g., prolonged or increased

sedation or respiratory depression)

Ergot derivatives: dihydroergotamine,

Contraindicated because of potential for serious or life-threatening events (e.g., acute ergot toxicity

ergotamine, ergonovine, methylergonovine  characterized by peripheral vasospasm and ischemia of the extremities and other tissues)

Gastrointestinal motility agent: cisapride

HMG-CoA reductase inhibitors (“statins”):
lovastatin, simvastatin

Neuroleptic: pimozide

Inhaled steroids: fluticasone

Contraindicated because of potential for serious or life-threatening events (e.g., cardiac arrhythmias)
Potential for serious reactions (e.g., myopathy, including rhabdomyolysis); atorvastatin may be used
cautiously, beginning with lowest possible starting dose, and monitoring for adverse events
Contraindicated because of potential for serious or life-threatening events (e.g., cardiac arrhythmias)
Coadministration of fluticasone and ritonavir-boosted protease inhibitors are not recommended unless the

potential benefit to the patient outweighs the risk for systemic corticosteroid side effect

Herbal products:
St. John’s wort (hypericum perforatum),

Coadministration might reduce plasma concentrations of protease inhibitors,
which might result in loss of therapeutic effect and development of resistance

garlic Garlic might lower saquinavir level

*This table does not list all products that should not be administered with Pls (atazanavir, lopinavir/ritonavir, fosamprenavir, indinavir, nelfinavir, saquinavir).
Product labels should be consulted for additional information regarding drug interactions.

Sources: US Department of Health and Human Services. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. Washington,

DC: US Department of Health and Human Services; 2005. Available at http://www.aidsinfo.nih.gov/guidelines/adult/AA_040705.pdf; University of California

at San Francisco Center for HIV Information. Database of antiretroviral drug interactions. Available at http://hivinsite.ucsf.edu/InSite?page=ar-00-02.




http://www.aidsinfo.nih.gov/guidelines/adult/AA_040705.pdf
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TABLE 5. Prescription and over-the-counter drugs that should not be administered with efavirenz because of drug interactions*
Drug Comment

Antifungal: voriconazole
Benzodiazepines: midazolam, triazolam

Contraindicated because efavirenz substantially decreases voriconazole plasma concentrations
Contraindicated because of potential for serious or life-threatening events (e.g., prolonged or increased
sedation or respiratory depression)
Ergot derivatives: dihydroergotamine, Contraindicated because of potential for serious or life-threatening events (e.g., acute ergot toxicity
ergotamine, ergonovine, methylergonovine  characterized by peripheral vasospasm and ischemia of the extremities and other tissues)
Gastrointestinal motility agent: cisapride Contraindicated because of potential for serious or life-threatening events (e.g., cardiac arrhythmias)
Herbal products: Coadministration might reduce plasma concentrations of protease inhibitors, which might result in loss of
St. John’s wort (hypericum perforatum), therapeutic effect and development of resistance
garlic Garlic might lower saquinavir levels

* This table does not list all products that should not be coadministered with efavirenz. Efavirenz product labeling should be consulted for additional information
regarding drug interactions.

Sources: US Department of Health and Human Services. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. Washington,

DC: US Department of Health and Human Services; 2005. Available at http://www.aidsinfo.nih.gov/guidelines/adult/AA_040705.pdf; University of California

at San Francisco Center for HIV Information. Database of antiretroviral drug interactions. Available at http://hivinsite.ucsf.edu/InSite?page=ar-00-02.

with combination drug regimens (36,38-40), the effect of
exposure to a resistant virus on transmission and transmissi-
bility is not well understood.

Since publication of the previous guidelines, an additional
report of an occupational HIV seroconversion despite combi-
nation HIV PEP has been published (Table 6) (38), bringing
the total number of reports worldwide to six. The exposure
was a percutaneous injury sustained by a nurse performing a
phlebotomy on a heavily treatment-experienced patient. At
the time of the exposure, the source patient was failing treat-

ment with stavudine (d4T), lamivudine (3TC), ritonavir
(RTV), and saquinavir (SQV) and had a history of previous
treatment with zidovudine (ZDV) and zalcitabine (ddC).
Genotypic resistance testing performed within 1 month of
the exposure suggested resistance to ZDV and 3TC. Pheno-
typic testing confirmed resistance to 3TC but demonstrated
relative susceptibility to ZDV and d4T. The source virus dem-
onstrated no evidence of resistance to nevirapine (NVP) or
other NNRTTs. The initial HIV PEP regimen started within
95 minutes of the exposure was ZDV, 3TC, and indinavir.

TABLE 6. Reported instances of failure of combination drug postexposure prophylaxis (PEP) to prevent HIV-infection among
health-care personnel exposed to HIV-infected blood through percutaneous injury

No. of
Time days to Source-patient

to first onset of No. of days On Virus

Year of dose retroviral to document HIV-infection anti resistant to
incident Device PEP regimen* (hrs) iliness  seroconversiont status retrovirals  antiretrovirals$
19921 Biopsy needle ZDV, dd| 0.5 23 23 AIDS, terminally ill Yes Unknown
1996**  Hollow-bore needle ZDV, dditt 1.5 45 97 Asymptomatic HIV No Not tested
infection
1997**  Large or hollow-bore ZDV, 3TC, IDV$§ 1.5 40 55 AIDS Yes No
needle

1998™  Hollow-bore needle ZDV, 3TC, ddl, IDV 0.7 70 83 AIDS Yes Yes
1999***  Unknown sharp ddl, d4T, NVPttt 2.0 42 100 AIDS Yes Yes
2001888  Phlebotomy needle ZDV, 3TC, IDVTT 1.6 24 ~90 AIDS Yes Yes

* ZDV = zidovudine; ddI = didanosine; 3TC = lamivudine; IDV = indinavir; d4T = stavudine; and NVP = nevirapine.

T By enzyme immunoassay for HIV-1 antibody and Western blot.

§ By genotypic or phenotypic resistance testing.

11 Source: Jochimsen EM. Failures of zidovudine postexposure prophylaxis. Am J Med 1997;102(Suppl 5B):52-5.

** Source: Lot F, Abiteboul D. Occupational infections with HIV in France among health-care personnel [French]. Bull Epi Hebdom 1999;18:69-70.
T ZDV and ddl taken for 48 hours and then changed to ZDV alone.
§§ ZDV, 3TC, and IDV taken for 48 hours and then changed to d4T, 3TC, and IDV.

M Source: Perdue B, Wolde Rufael D, Mellors J, Quinn T, Margolick J. HIV-1 transmission by a needlestick injury despite rapid initiation of four-drug
postexposure prophylaxis [Abstract no 210]. In: Program and abstracts of the 6th Conference on Retroviruses and Opportunistic Infections. Chicago, IL:
Foundation for Retrovirology and Human Health; 1999.

Source: Beltrami EM, Luo C-C, de la Torre N, Cardo DM. Transmission of drug-resistant HIV after an occupational exposure despite postexposure
prophylaxis with a combination drug regimen. Infect Control Hosp Epidemiol 2002;23:345-8; CDC, unpublished data, 1999.

11 ZDV and 3TC taken for 1 dose and then changed to ddl, d4T, and NVP; ddI was discontinued after 3 days as a result of severe vomiting.

§8§ Source: Hawkins DA, Asboe D, Barlow K, Evans B. Seroconversion to HIV-1 following a needlestick injury despite combination post-exposure prophylaxis.
J Infect 2001;43:12-5.

17 zDV, 3TC, and IDV initially and then changed after first dose to d4T, ddl, and NVP; then ddl discontinued after 8 days; and d4T and NVP taken for 4 weeks.
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The worker was referred to a hospital where the regimen was
changed within 6 hours of the exposure to didanosine (ddI),
d4T, and NVP because of concerns regarding possible drug
resistance to certain or all of the components of the initial
PEP regimen. The exposed worker stopped ddlI after 8 days
because of symptoms but continued to take d4T and NVD,
stopping at day 24 because of a generalized macular pruritic
rash and mild thrombocytopenia. Seroconversion was docu-
mented at 3 months. Sequencing of viruses from the source
and exposed worker demonstrated their close relatedness.
Virus from the worker demonstrated the same resistance pat-
terns as those in the source patient. In addition, the worker’s
virus had a mutation suggesting resistance to the NNRTT class
(38).

Empiric decisions regarding the presence of antiretroviral
drug resistance are often difficult because patients frequently
take more than one antiretroviral agent. Resistance should be
suspected in a source patient when clinical progression of dis-
ease or a persistently increasing viral load or decline in CD4+
T-cell count occurs despite therapy, or when no virologic
response to therapy occurs. However, resistance testing of the
source virus at the time of an exposure is impractical because
the results will not be available in time to influence the choice
of the initial PEP regimen. No data suggest that modification
of a PEP regimen after resistance testing results become avail-
able (usually 1-2 weeks) improves efficacy of PEP (41).

Antiretroviral Drugs During Pregnancy

Data regarding the potential effects of antiretroviral drugs
on the developing fetus or neonate are limited (3). Carcino-
genicity and mutagenicity are evident in certain in vitro screen-
ing tests for ZDV and all other FDA-licensed NRTIs. The
relevance of animal data to humans is unknown; however,
because teratogenic effects were reported among primates at
drug exposures similar to those representing human thera-
peutic exposure, pregnant women should not use efavirenz
(EFV). Indinavir (IDV) is associated with infrequent side
effects in adults (i.e., hyperbilirubinemia and renal stones)
that could be problematic for a newborn. Because the half-
life of IDV in adults is short, these concerns might be relevant
only if the drug is administered shortly before delivery. Other
concerns regarding use of PEP during pregnancy have been
raised by reports of mitochondrial dysfunction leading to neu-
rologic disease and death among uninfected children whose
mothers had taken antiretroviral drugs to prevent perinatal
HIV transmission and of fatal and nonfatal lactic acidosis in
pregnant women treated throughout gestation with a combi-

nation of d4T and ddI (3).

Management of Occupational Exposure
by Emergency Physicians

Although PHS guidelines for the management of occupa-
tional exposures to HIV were first published in 1985 (42),
HCP often are not familiar with these guidelines. Focus groups
conducted among emergency department (ED) physicians in
2002 indicated that of 71 participants, >95% had not read
the 2001 guidelines before being invited to participate (43).
All physicians participating in these focus groups had man-
aged occupational exposures to blood or body fluids. They
cited three challenges in exposure management most fre-
quently: evaluation of an unknown source patient or a source
patient who refused testing, inexperience in managing occu-
pational HIV exposures, and counseling of exposed workers
in busy EDs.

Occupational HIV Exposure
Management and PEP Use in U.S.
Hospitals

Analysis of NaSH data for June 1995-December 2004 pro-
vides information regarding the management of occupational
exposure to HIV in a convenience sample of 95 U.S. hospi-
tals. These data indicate improved adherence to PHS recom-
mendations concerning use of HIV PEP after occupational
exposures. A total of 28,010 exposures to blood and body
fluids were reported by these hospitals (CDC, unpublished
data, 2005). For all 25,510 exposures with known sources,
1,350 (5.3%) were to HIV-positive sources, 15,301 (60.0%)
to HIV-negative sources, and 8,859 (34.7%) to sources of
unknown HIV status. Of 1,350 HCP exposed to a known
HIV-positive source, 788 (58.4%) started PED, and 317 (49%)
of 647 for whom follow-up information was available took
PEP for >21 days. The overall median duration of HIV PEP
after exposure to an HIV-positive source was 27 days, increas-
ing from 10 days in 1995 to 26.5 days in 2004; the overall
median duration of HIV PEP after exposure to an HIV-
negative source was 2 days, decreasing from 7.5 days in 1995
to 1 day in 2004. The use of rapid HIV tests for evaluation of
source patients has increased; during 1995-1997, none of 25
NaSH facilities used rapid HIV tests, whereas in 2004, a total
of 21 (84% ) did (CDC, unpublished data, 2005). Rapid HIV
tests could result in decreased use of PEP and spare personnel
both undue anxiety and adverse effects of antiretroviral PEP
(44—47). The annual median time to initiation of PEP was
consistent (2 hours). Of 1,350 HCP with exposures to HIV-
positive sources, 909 (67.1%) had at least one follow-up sero-
logic test recorded, but only 289 (31.8%) had tests recorded
at 4-6 months (CDC, unpublished data, 2005).
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In 1996, of 24 HCP taking PEP after exposure to HIV-
positive sources, 10 (42%) took a three-drug PEP regimen
compared with 30 (76.9%) of 39 in 2004 (CDC, unpub-
lished data, 2005). After 227 HIV exposures for which only a
two-drug PEP regimen was recommended (i.e., the exposure
was to mucous membranes or skin or was a superficial percu-
taneous injury and the source person did not have end-stage
AIDS or acute HIV illness), 104 (45.8%) HCP initiated a
three-drug HIV PEP regimen. The National Clinicians” Post-
Exposure Prophylaxis Hotline (PEPline) reports similar find-
ings. PEPline staff reccommended changing or discontinuing
PEP regimens for 45 (38%) of 118 exposures involving source
patients with known viral load or CD4 cell count concerning
which they were consulted during April 2002—March 2003
(48; R. Goldschmidt, PEPline, personal communication,
2004). For 14 (11.9%) HCP, the recommendation was to
decrease the number of drugs in the PEP regimens; for 22
(18.7%) HCP, the recommendation was to increase the num-
ber of drugs; and for nine (7.6%), the recommendation was
to change the PEP regimen, keeping the same number of drugs.

Recommendations for the
Management of HCP Potentially
Exposed to HIV

Exposure prevention remains the primary strategy for
reducing occupational bloodborne pathogen infections. How-
ever, occupational exposures will continue to occur, and PEP
will remain an important element of exposure management.

HIV PEP

The recommendations provided in this report (Tables 1 and
2; Appendix) apply to situations in which HCP have been
exposed to a source person who either has or is considered
likely to have HIV infection. These recommendations are based
on the risk for HIV infection after different types of exposure
and on limited data regarding efficacy and toxicity of PEP. If
PEP is offered and taken and the source is later determined to
be HIV-negative, PEP should be discontinued. Although con-
cerns have been expressed regarding HIV-negative sources
being in the window period for seroconversion, no case of
transmission involving an exposure source during the win-
dow period has been reported in the United States (39). Rapid
HIV testing of source patients can facilitate making timely

T Administered by staff members from the University of California at San
Francisco and San Francisco General Hospital; supported by the Health
Resources and Services Administration Ryan White CARE Act and AIDS
Education and Training Centers, and by CDC.

decisions regarding use of HIV PEP after occupational expo-
sures to sources of unknown HIV status. Because the major-
ity of occupational HIV exposures do not result in transmission
of HIV, potential toxicity must be considered when prescrib-
ing PEP. Because of the complexity of selecting HIV PEP regi-
mens, when possible, these recommendations should be
implemented in consultation with persons having expertise
in antiretroviral therapy and HIV transmission. Reevaluation
of exposed HCP should be strongly encouraged within
72 hours postexposure, especially as additional information
about the exposure or source person becomes available.

Timing and Duration of PEP

PEP should be initiated as soon as possible, preferably within
hours rather than days of exposure. If a question exists con-
cerning which antiretroviral drugs to use, or whether to use a
basic or expanded regimen, the basic regimen should be started
immediately rather than delay PEP administration. The opti-
mal duration of PEP is unknown. Because 4 weeks of ZDV
appeared protective in occupational and animal studies, PEP

should be administered for 4 weeks, if tolerated (49-52).

Recommendations for the Selection
of Drugs for HIV PEP

The selection of a drug regimen for HIV PEP must balance
the risk for infection against the potential toxicities of the
agent(s) used. Because PEP is potentially toxic, its use is not
justified for exposures that pose a negligible risk for transmis-
sion (Tables 1 and 2). The initial HIV PEP regimens recom-
mended in these guidelines should be viewed as suggestions
that can be changed if additional information is obtained
concerning the source of the occupational exposure (e.g.,
possible treatment history or antiretroviral drug resistance) or
if expert consultation is provided. Given the complexity of
choosing and administering HIV PEP, whenever possible,
consultation with an infectious diseases consultant or another
physician who has experience with antiretroviral agents is rec-
ommended, but it should not delay timely initiation of PEP.

Consideration should be given to the comparative risk rep-
resented by the exposure and information regarding the expo-
sure source, including history of and response to antiretroviral
therapy based on clinical response, CD4+ T-cell counts, viral
load measurements, and current disease stage. When the source
person’s virus is known or suspected to be resistant to one or
more of the drugs considered for the PEP regimen, the
selection of drugs to which the source person’s virus is
unlikely to be resistant is recommended; expert consultation
is advised. If this information is not immediately available,
initiation of PEP, if indicated, should not be delayed; changes






Vol. 54 / RR-9

Recommendations and Reports 9

in the regimen can be made after PEP has started, as appro-
priate. For HCP who initiate PEP, re-evaluation of the
exposed person should occur within 72 hours postexposure,
especially if additional information about the exposure or
source person becomes available.

PHS continues to recommend stratification of HIV PEP
regimens based on the severity of exposure and other consid-
erations (e.g., concern for antiretroviral drug resistance in the
exposure source). The majority of HIV exposures will war-
rant a two-drug regimen, using two NRTTs or one NRTT and
one NtRTT (Tables 1 and 2; Appendix). Combinations that
can be considered for PEP include ZDV and 3TC or
emtricitabine (FTC); d4T and 3TC or FTC; and tenofovir
(TDF) and 3TC or FTC. In the previous PHS guidelines, a
combination of d4T and ddI was considered one of the first-
choice PEP regimens; however, this regimen is no longer rec-
ommended because of concerns about toxicity (especially
neuropathy and pancreatitis) and the availability of more
tolerable alternative regimens (3).

The addition of a third (or even a fourth) drug should be
considered for exposures that pose an increased risk for trans-
mission or that involve a source in whom antiretroviral drug
resistance is likely. The addition of a third drug for PEP after
a high-risk exposure is based on demonstrated effectiveness in
reducing viral burden in HIV-infected persons. However, no
definitive data exist that demonstrate increased efficacy of
three- compared with two-drug HIV PEP regimens. Previ-
ously, IDV, nelfinavir (NFV), EFV, or abacavir (ABC) were
recommended as first-choice agents for inclusion in an
expanded PEP regimen (3).

PHS now recommends that expanded PEP regimens be PI-
based. The PI preferred for use in expanded PEP regimens is
lopinavir/ritonavir (LPV/RTV). Other PIs acceptable for use
in expanded PEP regimens include atazanavir, fosamprenavir,
RTV-boosted IDV, RTV-boosted SQV, or NFV (Appendix).
Although side effects are common with NNRTTs, EFV may
be considered for expanded PEP regimens, especially when
resistance to Pls in the source person’s virus is known or sus-
pected. Caution is advised when EFV is used in women of
childbearing age because of the risk of teratogenicity.

Drugs that may be considered as alternatives to the expanded
regimens, with warnings about side effects and other adverse
events, are EFV or PIs as noted in the Appendix in combina-
tion with ddl and either 3TC or FTC. The fusion inhibitor
enfuvirtide (T20) has theoretic benefits for use in PEP
because its activity occurs before viral-host cell integration;
however, it is not recommended for routine HIV PEP
because of the mode of administration (subcutaneous injec-
tion twice daily). Furthermore, use of T20 has the potential for

production of anti-120 antibodies that cross react with HIV
gp41. This could result in a false-positive, enzyme immunoas-
say (EIA) HIV antibody test among HIV-uninfected patients.
A confirmatory Western blot test would be expected to be
negative in such cases. T20 should only be used with expert
consultation.

Antiviral drugs not recommended for use as PEP, primarily
because of the higher risk for potentially serious or life-
threatening adverse events, include ABC, delavirdine, ddC,
and, as noted previously, the combination of ddI and d4T.
NVP should not be included in PEP regimens except with
expert consultation because of serious reported side effects,
including hepatotoxicty (with one instance of fulminant liver
failure requiring liver transplantation), rhabdomyolysis, and
hypersensitivity syndrome (53-55).

Because of the complexity of selection of HIV PEP regi-
mens, consultation with persons having expertise in
antiretroviral therapy and HIV transmission is strongly rec-
ommended. Certain institutions have required consultation
with a hospital epidemiologist or infectious diseases consult-
ant when HIV PEP use is under consideration. This can be
especially important in management of a pregnant or
breastfeeding worker or a worker who has been exposed to a
heavily treatment-experienced source (Box 1).

Resources for consultation are available from the following
sources:

* PEPline at http://www.ucsf.edu/hiventr/Hotlines/

PEPline; telephone 888-448-4911;

* HIV Antiretroviral Pregnancy Registry at htep://
www.apregistry.com/index.htm; Address: Research Park,
1011 Ashes Drive, Wilmington, NC 28405. Telephone:
800-258-4263; Fax: 800-800-1052; E-mail:
registry@nc.crl.com;

* FDA (for reporting unusual or severe toxicity to
antiretroviral agents) at http://www.fda.gov/medwatch;
telephone: 800-332-1088; address: MedWatch, HE-2,
Food and Drug Administration, 5600 Fishers Lane,
Rockville, MD 20857;

* CDC (for reporting HIV infections in HCP and failures
of PEP) at telephone 800-893-0485; and

e HIV/AIDS Treatment Information Service at http://
aidsinfo.nih.gov.

Follow-Up of Exposed HCP

Postexposure Testing

HCP with occupational exposure to HIV should receive
follow-up counseling, postexposure testing, and medical evalu-
ation regardless of whether they receive PEP. HIV-antibody
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BOX 1. Situations for which expert consultation* for HIV
postexposure prophylaxis (PEP) is advised

* Delayed (i.e., later than 24-36 hours) exposure report
— Interval after which lack of benefit from PEP
undefined
* Unknown source (e.g., needle in sharps disposal
container or laundry)
— Use of PEP to be decided on a case-by-case basis
— Consider severity of exposure and epidemiologic
likelihood of HIV exposure
— Do not test needles or other sharp instruments for
HIV
* Known or suspected pregnancy in the exposed person
— Use of optimal PEP regimens not precluded
— PEP not denied solely on basis of pregnancy
* Breastfeeding in the exposed person
— Use of optimal PEP regimens not precluded
— PEP not denied solely on basis of breastfeeding
* Resistance of the source virus to antiretroviral agents
— Influence of drug resistance on transmission risk
unknown
— If source person’s virus is known or suspected to be
resistant to one or more of the drugs considered for
PEP, selection of drugs to which the source person’s
virus is unlikely to be resistant recommended
— Resistance testing of the source person’s virus at the
time of the exposure not recommended
— Initiation of PEP not to be delayed while awaiting
any results of resistance testing
* Toxicity of the initial PEP regimen
— Adverse symptoms (e.g., nausea and diarrhea)
common with PEP
— Symptoms often manageable without changing PEP
regimen by prescribing antimotility or antiemetic
agents
— In other situations, modifying the dose interval (i.c.,
taking drugs after meals or administering a lower
dose of drug more frequently throughout the day,
as recommended by the manufacturer) might help
alleviate symptoms when they occur

* Either with local experts or by contacting the National Clinicians Post-
Exposure Prophylaxis Hotline (PEPline), telephone 888-448-4911.

testing by enzyme immunoassay should be used to monitor
HCP for seroconversion for >6 months after occupational HIV
exposure. After baseline testing at the time of exposure, fol-
low-up testing could be performed at 6 weeks, 12 weeks, and
6 months after exposure. Extended HIV follow-up (e.g., for
12 months) is recommended for HCP who become infected
with HCV after exposure to a source coinfected with HIV
and HCV. Whether extended follow-up is indicated in other

circumstances (e.g., exposure to a source co-infected with HIV
and HCV in the absence of HCV seroconversion or for ex-
posed persons with a medical history suggesting an impaired
ability to mount an antibody response to acute infection) is
unclear. Although rare instances of delayed HIV
seroconversion have been reported (56,57), the infrequency
of this occurrence does not warrant adding to exposed per-
sons’ anxiety by routinely extending the duration of
postexposure follow-up. However, this should not preclude a
decision to extend follow-up in a particular situation based
on the clinical judgment of the exposed person’s health-care
provider. The routine use of direct virus assays (e.g., HIV p24
antigen EIA or tests for HIV ribonucleic acid) to detect infec-
tion among exposed HCP usually is not recommended (58).
Despite the ability of direct virus assays to detect HIV infec-
tion a few days earlier than EIA, the infrequency of occupa-
tional seroconversion and increased costs of these tests do not
warrant their routine use in this setting. In addition, the rela-
tively high rate of false-positive results of these tests in this
setting could lead to unnecessary anxiety or treatment (59,60).
Nevertheless, HIV testing should be performed on any
exposed person who has an illness compatible with an acute
retroviral syndrome, regardless of the interval since exposure.
A person in whom HIV infection is identified should be
referred for medical management to a specialist with expertise
in HIV treatment and counseling. Health-care providers car-
ing for persons with occupationally acquired HIV infection
can report these cases to CDC at telephone 800-893-0485 or
to their state health departments.

Monitoring and Management of PEP Toxicity

If PEP is used, HCP should be monitored for drug toxicity
by testing at baseline and again 2 weeks after starting PEP.
The scope of testing should be based on medical conditions
in the exposed person and the toxicity of drugs included in
the PEP regimen. Minimally, laboratory monitoring for tox-
icity should include a complete blood count and renal and
hepatic function tests. Monitoring for evidence of hypergly-
cemia should be included for HCP whose regimens include
any PI; if the exposed person is receiving IDV, monitoring for
crystalluria, hematuria, hemolytic anemia, and hepatitis also
should be included. If toxicity is noted, modification of the
regimen should be considered after expert consultation;
further diagnostic studies might be indicated.

Exposed HCP who choose to take PEP should be advised
of the importance of completing the prescribed regimen.
Information should be provided about potential drug
interactions and drugs that should not be taken with PEP,
side effects of prescribed drugs, measures to minimize side
effects, and methods of clinical monitoring for toxicity
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during the follow-up period. HCP should be advised that
evaluation of certain symptoms (e.g., rash, fever, back or ab-
dominal pain, pain on urination or blood in the urine, or
symptoms of hyperglycemia (e.g., increased thirst or frequent
urination) should not be delayed.

HCP often fail to complete the recommended regimen
often because they experience side effects (e.g., nausea or di-
arrhea). These symptoms often can be managed with
antimotility and antiemetic agents or other medications that
target specific symptoms without changing the regimen. In
other situations, modifying the dose interval (i.e., administer-
ing a lower dose of drug more frequently throughout the day,
as recommended by the manufacturer) might facilitate
adherence to the regimen. Serious adverse events® should be
reported to FDA's MedWatch program.

Although recommendations for follow-up testing, moni-
toring, and counseling of exposed HCP are unchanged from
those published previously (3), greater emphasis is needed on
improving follow-up care provided to exposed HCP (Box 2).
This might result in increased adherence to HIV PEP regi-
mens, better management of associated symptoms with ancil-
lary medications or regimen changes, improved detection of
serious adverse effects, and serologic testing among a larger
proportion of exposed personnel to determine if infection is
transmitted after occupational exposures. Closer follow-up
should in turn reassure HCP who become anxious after these
events (61,62). The psychologic impact on HCP of
needlesticks or exposure to blood or body fluid should not be
underestimated. Providing HCP with psychologic counseling
should be an essential component of the management and

care of exposed HCP.

Reevaluation and Updating of HIV PEP
Guidelines

As new antiretroviral agents for treatment of HIV infection
and additional information concerning early HIV infection
and prevention of HIV transmission become available, the
PHS Interagency Working Group will assess the need to
update these guidelines. Updates will be published periodi-
cally as appropriate.

S Defined by FDA as follows: “Any adverse drug experience occurring at any
dose that results in any of the following outcomes: death, a life-threatening
adverse drug experience, inpatient hospitalization or prolongation of existing
hospitalization, a persistent or significant disability/incapacity, or a congenital
anomaly/birth defect. Important medical events that may not result in death,
be life-threatening, or require hospitalization may be considered a serious
adverse drug experience when, based upon appropriate medical judgment,
they may jeopardize the patient or subject and may require medical or surgical
intervention to prevent one of the outcomes listed in this definition” (63).

BOX 2. Follow-up of health-care personnel (HCP) exposed

to known or suspected HIV-positive sources

* Exposed HCP should be advised to use precautions
(e.g., avoid blood or tissue donations, breastfeeding, or
pregnancy) to prevent secondary transmission, especially
during the first 612 weeks postexposure.

* For exposures for which PEP is prescribed, HCP should
be informed regarding
— possible drug toxicities and the need for monitoring,
— possible drug interactions, and
— the need for adherence to PEP regimens.

* Consider reevalution of exposed HCP 72 hours
postexposure, especially after additional information
about the exposure or source person becomes available.
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APPENDIX

Basic and Expanded HIV Postexposure Prophylaxis Regimens

BASIC REGIMEN

o Zidovudine (Retrovir™; ZDV; AZT) + lamivudine
(Epivir®; 3TC); available as Combivir™
Preferred dosing
— ZDV: 300 mg twice daily or 200 mg three times daily,
with food; total: 600 mg daily
— 3TC: 300 mg once daily or 150 mg twice daily
— Combivir: one tablet twice daily
Dosage forms
— ZDV: 100 mg capsule, 300 mg tablet
— 3TC: 150 or 300 mg tablet
— Combivir: tablet, 300 mg ZDV + 150 mg 3TC
Advantages
— ZDV associated with decreased risk for HIV
transmission
— ZDV used more often than other drugs for PEP for
health-care personnel (HCP)
— Serious toxicity rare when used for PEP

— Side effects predictable and manageable with
antimotility and antiemetic agents
— Can be used by pregnant HCP
— Can be given as a single tablet (COMBIVIR™) twice
daily
Disadvantages
— Side effects (especially nausea and fatigue) common
and might result in low adherence
— Source-patient virus resistance to this regimen possible
— DPotential for delayed toxicity (oncogenic/teratogenic)
unknown
e Zidovudine (Retrovir®; ZDV; AZT) + emtrictabine
(Emtriva""; FTC)
Preferred dosing
— ZDV: 300 mg twice daily or 200 mg three times
daily, with food; total: 600 mg/day, in 2-3 divided
doses
— FTC: 200 mg (one capsule) once daily






14

MMWR

September 30, 2005

Dosage forms
— ZDV: see above
— FTC: 200 mg capsule
FTC general comments
— Nucleoside analogue; same structure as 3TC, except
fluoride residue at position 5 on pyrimidine ring
— Same resistance and safety profile as 3TC
— No apparent advantage over 3TC; tolerability and
virologic response rates appear better than regimens
containing ddI + d4T
Advantages
— ZDV: see above.
— FTC
o Convenient (once daily)
o Well tolerated
o Long intracellular half-life (-40 hours)
Disadvantages
— ZDV: see above.
— FTC
Rash perhaps more frequent than with 3TC
o No long-term experience with this drug
o Ciross resistance to 3TC
o Hyperpigimentation among non-Caucasians with
long-term use: 3%
¢ Tenofovir DF (Viread®; TDF) + lamivudine (Epivir®;
3TC)
Preferred dosing
— TDF: 300 mg once daily
— 3TC: 300 mg once daily or 150 mg twice daily
Dosage forms
— TDEF: 300 mg tablet
— 3TC: see above
Advantages
— 3TC: see above
— TDF
o Convenient dosing (single pill once daily)
o Resistance profile activity against certain
thymidine analogue mutations
o Well tolerated
Disadvantages
— TDF
o Same class warnings as nucleoside reverse
transcriptase inhibitors (NRTTs)
o Drug interactions
o Increased TDF concentrations among persons
taking atazanavir and lopinavir/ritonavir; need to
monitor patients for TDF-associated toxicities
— Preferred dosage of atazanavir if used with TDF: 300
mg + ritonavir 100 mg once daily + TDF 300 mg
once daily

)

e Tenofovir DF (Viread®; TDF) + emtricitabine
(Emtriva™"; FTC); available as Truvada™
Preferred dosing
— TDF: 300 mg once daily
— FTC: 200 mg once daily
— AsTruvada™: one tablet daily
Dosage forms
— TDF: 300 mg tablet
— FTC:see FTC
— Truvada™ (TDF 300 mg plus FTC 200 mg)
Advantages
— FTC: see above
— TDF
o Convenient dosing (single pill once daily)
o Resistance profile activity against certain
thymidine analogue mutations
o Well tolerated
Disadvantages
— TDF
o Same class warnings as NRTTs
o Drug interactions
o Increased TDF concentrations among persons tak-
ing atazanavir and lopinavir/ritonavir; need to
monitor patients for TDF-associated toxicities
o Preferred dosing of atazanavir if used with TDF:
300 mg + ritonavir 100 mg once daily + TDF 300
mg once daily

ALTERNATE BASIC REGIMENS

¢ Lamivudine (Epivir®; 3TC) + stavudine (Zerit®; d4T)
Preferred dosing
— 3TC: 300 mg once daily or 150 mg twice daily
— d4T: 40 mg twice daily (can use lower doses of
20-30 mg twice daily if toxicity occurs; equally
effective but less toxic among HIV-infected patients
with peripheral neuropathy); 30 mg twice daily if
body weight is <60 kg
Dosage forms
— 3TC: see above
— d4T: 15, 20, 30, and 40 mg tablet
Advantages
— 3TC: see above
— d4T: gastrointestinal (GI) side effects rare
Disadvantages
— Possibility that source-patient virus is resistant to this
regimen
— DPotential for delayed toxicity (oncogenic/teratogenic)
unknown
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e Emtricitabine (Emtriva""; FTC) + stavudine (Zerit®;
d4T)
Preferrred dosing
— FTC: 200 mg daily
— d4T: 40 mg twice daily (can use lower doses of 20-30
mg twice daily if toxicity occurs; equally effective but
less toxic among HIV-infected patients who devel-
oped peripheral neuropathy); if body weight is <60 kg,
30 mg twice daily
Dosage forms
— FTC: see above
— d4T: see above
Advantages
— 3TC and FTC: see above; d4T’s GI side effects rare
Disadvantages
— Potential that source-patient virus is resistant to this
regimen
— Unknown potential for delayed toxicity (oncogenic/
teratogenic) unknown
¢ Lamivudine (Epivir®; 3TC) + didanosine (Videx®;
ddI)
Preferred dosing
— 3TC: 300 mg once daily or 150 mg twice daily
— ddI: Videx® chewable/dispersible buffered tablets can
be administered on an empty stomach as either 200
mg twice daily or 400 mg once daily. Patients must
take at least two of the appropriate strength tablets at
each dose to provide adequate buffering and prevent
gastric acid degradation of ddI. Because of the need
for adequate buffering, the 200-mg strength tablet
should be used only as a component of a once-daily
regimen. The dose is either 200 mg twice daily or
400 mg once daily for patients weighing >60 kg and
125 mg twice daily or 250 mg once daily for patients
weighing >60 kg.
Dosage forms
— 3TC: 150 or 300 mg tablets
— ddI: 25, 50, 100, 150, or 200 mg buffered white tablets
Advantages
— ddI: once daily dosing option
— 3TC: see above
Disadvantages
— Tolerability: diarrhea more common with buffered
preparation than with enteric-coated preparation
— Associated with toxicity: peripheral neuropathy, pan-
creatitis, and lactic acidosis
— Must be taken on empty stomach except with TDF
— Drug interactions

— 3TC: see above

e Emtricitabine (Emtriva'"; FTC) + didanosine (Videx®;
ddI)
Preferred dosing
— FTC: 200 mg once daily
— ddlI: see above
Dosage forms
— ddI: see above
— FTC: see above
Advantages
— ddlI: see above
— FTC: see above
Disadvantages
— Tolerability: diarrhea more common with buffered
than with enteric-coated preparation
— Associated with toxicity: peripheral neuropathy,
pancreatitis, and lactic acidosis
— Must be taken on empty stomach except with TDF

— Drug interactions
— FTC: see above

PREFERRED EXPANDED REGIMEN

Basic regimen plus:
* Lopinavir/ritonavir (Kaletra®; LPV/RTV)
Preferred dosing
— LPV/RTV:400/100 mg = 3 capsules twice daily with
food
Dosage form
— LPV/RTV: 133/33 mg capsules
Advantages
— Potent HIV protease inhibitor
— Generally well-tolerated
Disadvantages

— Potential for serious or life-threatening drug interac-
tions (see Table 4)

— Might accelerate clearance of certain drugs, includ-
ing oral contraceptives (requiring alternative or addi-
tional contraceptive measures for women taking these
drugs)

— Can cause severe hyperlipidemia, especially
hypertriglyceridemia

— Gl (e.g., diarrhea) events common

ALTERNATE EXPANDED REGIMENS

Basic regimen plus one of the following:
¢ Atazanavir (Reyataz®; ATV) + ritonavir (Norvir®; RTV)
Preferred dosing
— ATV: 400 mg once daily, unless used in combination
with TDE in which case ATV should be boosted with
RTV, preferred dosing of ATV 300 mg + RTV: 100

mg once daily
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Dosage forms Advantages
— ATV: 100, 150, and 200 mg capsules — Potent HIV inhibitor
— RTV: 100 mg capsule Disadvantages

Advantages
— Potent HIV protease inhibitor
— Convenient dosing — once daily
— Generally well tolerated
Disadvantages
— Hyperbilirubinemia and jaundice common
— Potential for serious or life-threatening drug interac-
tions (see Table 4)
— Avoid coadministration with proton pump inhibitors
— Separate antacids and buffered medications by 2 hours
and H2-receptor antagonists by 12 hours to avoid
decreasing ATV levels
— Caution should be used with ATV and products
known to induce PR prolongation (e.g., diltiazem)
¢ Fosamprenavir (Lexiva®; FOSAPV) + ritonavir
(Norvir®; RTV)
Preferred dosing
— FOSAPV: 1400 mg twice daily (without RTV)
— FOSAPV: 1400 mg once daily + RTV 200 mg once
daily
— FOSAPV: 700 mg twice daily + RTV 100 mg twice
daily
Dosage form
— FOSAPV: 700 mg tablets
— RTV: 100 mg capsule
Advantages
— Once daily dosing when given with ritonavir
Disadvantages
— Tolerability: GI side effects common
— Multiple drug interactions. Oral contraceptives
decrease fosamprenavir concentrations
— Incidence of rash in healthy volunteers, especially
when used with low doses of ritonavir. Differentiat-
ing between early drug-associated rash and acute
seroconversion can be difficult and cause extraordi-
nary concern for the exposed person
e Indinavir (Crixivan®; IDV) + ritonavir (Norvir®; RTV)
Preferred dosing
— IDV 800 mg + RTV 100 mg twice daily without
regard to food
Alternative dosing
— IDV: 800 mg every 8 hours, on an empty stomach
Dosage forms
— IDV: 200 mg, 333, and 400 mg capsule
— RTV: 100 mg capsule

— Potential for serious or life-threatening drug interac-
tions (see Table 4)
— Serious toxicity (e.g., nephrolithiasis) possible;
consumption of 8 glasses of fluid/day required
— Hyperbilirubinemia common; must avoid this drug
during late pregnancy
— Requires acid for absorption and cannot be taken
simultaneously with ddI, chewable/dispersible buff-
ered tablet formulation (doses must be separated by
>1 hour)
* Saquinavir (Invirase®; SQV) + ritonavir (Norvir®;
RTV)
Preferred dosing
— SQV: 1,000 mg (given as Invirase) + RTV 100 mg,
twice daily
— SQV : five capsules twice daily + RTV: one capsule
twice daily
Dosage forms
— SQV (Invirase): 200 mg capsule
— RTV: 100 mg capsule
Advantages
— Generally well-tolerated, although GI events common
Disadvantages
— Potential for serious or life-threatening drug interac-
tions (see Table 4)
— Substantial pill burden
¢ Nelfinavir (Viracept®; NFV)
Preferred dosing
— NFV: 1,250 mg (2 x 625 mg or 5 x 250 mg tablets),
twice daily with a meal
Dosage forms
— NFV: 250 or 625 mg tablet
Advantages
— Generally well-tolerated
Disadvantages
— Diarrhea or other GI events common
— Potential for serious and/or life-threatening drug
interactions (see Table 4)
e Efavirenz (Sustiva®; EFV)
Preferred dosing
— EFV: 600 mg daily, at bedtime
Dosage forms
— EFV: 50, 100, 200 capsules
— EFV: 600 mg tablet
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Advantages

Does not require phosphorylation before activation
and might be active earlier than other antiretroviral
agents (a theoretic advantage of no demonstrated clini-
cal benefit)

Once daily dosing

Disadvantages

Drug associated with rash (early onset) that can be
severe and might rarely progress to Stevens-Johnson
syndrome

Differentiating between early drug-associated rash and
acute seroconversion can be difficult and cause
extraordinary concern for the exposed person
Central nervous system side effects (e.g., dizziness,
somnolence, insomnia, or abnormal dreaming) com-
mon; severe psychiatric symptoms possible (dosing
before bedtime might minimize these side effects)
Teratogen; should not be used during pregnancy
Potential for serious or life-threatening drug interac-

tions (see Table 5)

ANTIRETROVIRAL AGENTS GENERALLY NOT
RECOMMENDED FOR USE AS PEP
* Nevirapine (Viramune®; NVP)
Disadvantages

Associated with severe hepatotoxicity (including at
least one case of liver failure requiring liver transplan-
tation in an exposed person taking PEP)

Associated with rash (early onset) that can be severe
and progress to Stevens-Johnson syndrome
Differentiating between early drug-associated rash and
acute seroconversion can be difficult and cause
extraordinary concern for the exposed person

Drug interactions: can lower effectiveness of certain
antiretroviral agents and other commonly used
medicines

¢ Delavirdine (Rescriptor®; DLV)
Disadvantages
— Drug associated with rash (early onset) that can be

severe and progress to Stevens-Johnson syndrome

— Multiple drug interactions
e Abacavir (Ziagen®; ABQ)
Disadvantages
— Severe hypersensitivity reactions can occur, usually

within the first 6 weeks

— Differentiating between early drug-associated rash/

hypersensitivity and acute seroconversion can be

difficult

* Zalcitabine (Hivid®; ddC)
Disadvantages
— Three times a day dosing
— Tolerability

— Weakest antiretroviral agent

ANTIRETROVIRAL AGENT FOR USE AS PEP ONLY
WITH EXPERT CONSULTATION
¢ Enfuvirtide (Fuzeon™; T20)
Preferred dosing

T20: 90 mg (1 ml) twice daily by subcutaneous
injection

Dosage forms

T20: Single-dose vial, reconstituted to 90 mg/ml

Advantages

New class
Unique viral target; to block cell entry
Prevalence of resistance low

Disadvantages

Twice-daily injection

Safety profile: local injection site reactions

Never studied among antiretroviral-naive or HIV-
negative patients

False-positive EIA HIV antibody tests might result
from formation of anti-T20 antibodies that cross-re-
act with anti-gp41 antibodies

PHS Working Group on Occupational Postexposure Prophylaxis: Adelisa L Panlilio, Denise M. Cardo, Division of Healthcare Quality Promotion,
National Center for Infectious Diseases, CDC; Lisa A. Grohskopf; Walid Heneine, Division of HIV/AIDS Prevention, National Center for HIV, STD, and
TB Prevention, CDC; Clara Sue Ross, Ahmed Gomaa; Division of Surveillance and Hazard Evaluations, and Field Studies, National Institute for Occupational
Safety and Health, CDC; Kimbetly A. Struble, Center for Drug Evaluation and Research, FDA; Abe Macher, HIV/AIDS Bureau, HRSA; David K Henderson,
Clinical Center, National Institutes of Health.
External Consultants: Henry M. Blumberg, Grady Memorial Hospital; Betty Dong, National Clinicians’ Postexposure Prophylaxis Hotline (PEPline); Ron
Goldschmidt, University of California, San Francisco; Michael Saag, University of Alabama, Birmingham; Michael Tapper, Lenox Hill Hospital.
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Goal and Objectives
This report provides recommendations regarding clinical practice for managing occupational exposures to HIV in health-care settings, including appropriate use of
HIV postexposure prophylaxis (PEP). The goal of this report is to provide recommendations for guiding clinical practice in managing PEP for health-care personnel
(HCP) with occupational exposure to HIV. Upon completion of this educational activity, the reader should be able to a) describe occupational exposures for which
exposure management is appropriate; b) describe the appropriate selection of HIV PEP; ¢) describe the appropriate use of HIV PEP; d) describe the follow-up
evaluation of exposed HCP; e) describe the follow-up counseling of exposed HCP; and f) list situations for which expert consultation in the management of
occupational exposures is recommended.

To receive continuing education credit, please answer all of the following questions.

1. Contact with which body fluid(s) poses a risk for HIV transmission in 8. Adverse effects of antiretroviral HIV postexposure prophylaxis are
health-care settings? (Indicate all that apply.) uncommonly reported by HCP.
A. Blood. A. True.
B. Urine. B. False.
C. Sweat.
D. Amniotic fluid. 9. Which types of exposure pose a risk for HIV transmission in health-
E. AandD. care settings? (Indicate all that apply.)
F. BandC. A. Intact skin exposure to blood.
B. Mucous membrane splash of urine.
2. What is the recommended duration of HIV PEP for occupational C. Needlestick injury after phlebotomy.
exposures to HIV? (Choose the one correct answer.) D. Splash of blood on abraded skin.
A. 7 days. E. CandD.
B. 14 days. F. AandB.
C. 21 days. . .
D. 28 days. 10. A 12-month serologic follow-up after an occupational exposure to
E. 2 months. HIV is recommended in which situation(s)? (Indicate all that apply.)
A. Any percutaneous exposure to an HIV-infected source.
3. What is the recommended time to initiation of HIV PEP after B. If the exposed worker takes HIV postexposure prophylaxis.
exposure when PEP is indicated? (Choose the one correct answer.) C. If the exposure source is coinfected with HIV and HCV and becomes
A. 2 days. HCV-infected.
B. 24-48 hours. D. None of the above.
C. As soon as possible (preferably within hours). 11. Which best describes your professional activities:
4. Follow-up after occupational exposures to HIV should include which A. Physician.
of the following? (Choose the one correct answer.) B. Nurse.
A. Serologic follow-up for HIV infection. C. Health educator.
B. Monitoring for adverse effects of HIV postexposure prophylaxis if taken. D. Office staff.
C. Monitoring for acute seroconversion illness. E. Other.
D. Counseling on adherence with HIV PEP and the emotional stress of . . .
dealing with exposures. 12.1 plan to use these recommendations as the basis for ...(Indicate all
E. All of the above. that apply.)

A. health education materials.
5. The potential for interactions with other medications is greatest for B. insurance reimbursement policies.
which of the antiretroviral drug classes recommended for HIV C. local practice guidelines.
postexposure prophylaxis? (Choose the one correct answer.) D. public policy.
A. Reverse transcriptase inhibitors (nucleoside analogues). E. other.
B. Nonnucleoside reverse transcriptase inhibitors.
C. Protease inhibitors. 13. Overall, the length of the journal article was...
D. AandB. A. much too long.
E. Band C. B. alittle too long.
F. AandC. C. just right.
D. alittle too short.
6. Which antiretrovirals are not currently recommended for use by E. much too short.
pregnant HCP? (Indicate all that apply.)
A. Efavirenz. 14. After reading this report, I am confident I can describe occupational
B. Zidovudine. exposures for which exposure management is appropriate.
C. Nelfinavir. A. Strongly agree.
D. Tenofovir. B. Agree.
C. Undecided.
7. Resistance testing of the source—patient.after an exposure should D. Disagree.
always be. perff)rmed to help in selection of HIV postexposure E. Strongly disagree.
prophylaxis regimens.
A. True.
B. False.
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After reading this report, I am confident I can describe the appropriate
selection of HIV PEP.

19.

After reading this report, I am confident I can list situations for which
expert consultation in the management of occupational exposures is

Strongly agree. recommended.
Agree. A. Strongly agree.
Undecided. B. Agree.
. Disagree. C. Undecided.
Strongly disagree. D. Disagree.
E. Strongly disagree.
After reading this report, I am confident I can describe the appropriate
use of HIV PEP. 20. The learning outcomes (objectives) were relevant to the goal of this
Strongly agree. report.
Agree. A. Strongly agree.
Undecided. B. Agree.
. Disagree. C. Undecided.
Strongly disagree. D. Disagree.
E. Strongly disagree.
After reading this report, I am confident I can describe the follow-up
evaluation of exposed HCP. 21. The instructional strategies used in this report (text, tables, boxes, and
Strongly agree. appendix) helped me learn the material.
Agree. A. Strongly agree.
Undecided. B. Agree.
. Disagree. C. Undecided.
Strongly disagree. D. Disagree.
E. Strongly disagree.
After reading this report, I am confident I can describe the follow-up
counseling of exposed HCP. 22. The content was appropriate given the stated objectives of the report.
Strongly agree. A. Strongly agree.
Agree. B. Agree.
Undecided. C. Undecided.
. Disagree. D. Disagree.
Strongly disagree. E. Strongly disagree.
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23. The content expert(s) demonstrated expertise in the subject matter.
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Strongly agree.
Agree.
Undecided.

. Disagree.

Strongly disagree.

Overall, the quality of the journal article was excellent.
Strongly agree.

Agree.

Undecided.

. Disagree.

Strongly disagree.

These recommendations will improve the quality of my practice.
Strongly agree.

Agree.

Undecided.

. Disagree.

Strongly disagree.

decision to read this report.

Strongly agree.
Agree.
Undecided.

. Disagree.

Strongly disagree.
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The MMWR format was conducive to leaning this content.
Strongly agree.
Agree.

. Undecided.
. Disagree.

Strongly disagree.

Do you feel this course was commercially biased? (Indicate yes or no;
if yes, please explain in the space provided.)

Yes.

No.

. How did you learn about the continuing education activity?

Internet.
Advertisement (e.g., fact sheet, MMWR cover, newsletter, or journal).
Coworker/supervisor.

. Conference presentation.

MMWR subscription.
Other.
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Introduction

While the incidence of cryptococccal meningitis in the
developed world has declined with widespread, early
antiretroviral therapy (ART), cryptococcal disease remains
a major opportunistic infection and leading cause of
mortality in patients infected with HIV in much of the
developing world. Most HIV-related cases are caused by
Cryptococcus neoformans var. grubii (serotype A), while var.
neoformans (serotype D) is responsible for a proportion,
especially in Europe, and there are a small number of
Cryptococcus  gatti  infections (formerly C. neoformans
serotypes B and C) [1,2]. The last includes a small number
of cases in HIV-infected individuals forming part of an
unprecedented outbreak of C. gattii infections, predomi-
nantly in apparently immunocompetent patients, on
Vancouver Island, Canada [3,4].

C. neoformans is distributed worldwide. An ubiquitous
environmental saphrophyte, it is found in soil contami-
nated with pigeon droppings and has also been isolated
from the heartwood of several tree species in South
America [5] and India [6], and from the homes of African
HIV-seropositive patients [7,8]. Exposure may be common
[9], although the exact circumstances are usually unclear.
Inhalation of small, thinly encapsulated yeasts, or
basidiospores [10], may lead to an initial pulmonary
infection, which, depending on host immune response and
the number and virulence of the organisms, is cleared,
contained within granulomata as a latent infection or
disseminates. The minority in whom disease disseminates
typically have defects in T cell function, through

malignancy, immunosuppressive medication, autoimmune
disease or sarcoidosis [11,12] or HIV infection, indicating
the role of T cell-mediated immunity in host defence.

In HIV-seropositive patients, most episodes of crypto-
coccal meningitis probably represent reactivation of latent
infection, which may have been acquired many years
earlier. There is compelling evidence for latent infection
in a rat model [13] and humans [14]. Dromer and
colleagues [15] typed C. neoformans isolates from HIV-
seropositive patients diagnosed with cryptococcosis in
France, some of whom were from Africa but had lived in
France for a median of over 9 years. There was a
significant clustering of isolates from African compared
with European patients, suggesting that the patients had
acquired their isolates long before the development of
clinical disease. A proportion of HIV-related cases,
however, may result from dissemination of new or
primary infection [16], as has been observed in the recent
outbreak of C. gattii infection in British Columbia [17].

HIV-associated cryptococcal meningitis usually presents as
a subacute meningo-encephalitis in profoundly immuno-
suppressed patients (CD4 cell counts < 100 cells/pl), with
malaise, headache, fever and, later, visual disturbance and
altered mental status. Signs, if present, may include
meningism, papilloedema, cranial nerve palsies [particu-
larly sixth nerve palsies reflective of raised pressure in
cerebrospinal fluid (CSF)] and reduced conscious level.
The diagnosis is usually straightforward. The high
organism load in this setting means the sensitivity of India
ink staining of CSF is high. Those who have a negative
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result with India ink can be diagnosed by highly sensitive
and specific cryptococcal antigen testing of CSE or serum if
CSF cannot be obtained [18]. Lumbar puncture often
reveals markedly elevated opening pressures, an important
complicating factor, with only modestly elevated or
normal white cell counts (usually lymphocytes), elevated
protein and low or normal glucose.

High organism burden at baseline (indicated by
quantitative CSF culture or CSF antigen titre) and
abnormal mental status are the most important predictors
of death [19,20], while high opening pressures and a poor
inflammatory response in the CSF have also been
associated with poor outcome [19,21,22]. Autopsy series
reveal the lack of a protective granulomatous response in
HIV-seropositive patients with cryptococcal meningitis.
There is extensive involvement of brain parenchyma in
addition to meningitis and higher organism burdens
(which are predominantly extracellular) compared with
the infection in HIV-seronegative individuals [23—25].

The remainder of this review will focus on the current
epidemiology and management of HIV-associated cryp-
tococcal meningitis, with some emphasis on the develop-
ing world where the burden of disease is highest. In
addition to antifungal therapy, the important complications
of elevated CSF pressure and immune reconstitution
inflammatory syndrome (IRIS) and future approaches to
prevention and therapy are discussed.

Epidemiology

Increasing numbers of cases of cryptococcal meningitis
were reported in young adults in the former Zaire
throughout the 1960s, possibly representing the first signs
of the evolving HIV epidemic [26,27]. The late 1970s and
early 1980s saw a sharp increase in the numbers of cases
both in Kinshasa [28,29] and in Zairian immigrants to
Europe [30-32], many of whom had, in retrospect,
features suggestive of AIDS [33].

As the HIV epidemic expanded in the 1980s, C. neoformans
emerged as an important opportunistic infection in the
United States, Europe and Australia, occurring in 5-10%
of all AIDS patients [34—38]. Rates of infection declined
through the 1990s, initially with the widespread and
frequent use of azoles to treat candidiasis [38,39], and
subsequently with the introduction of HAART [40,41].
The annual incidence in AIDS patients in Atlanta fell from
66 per 1000 in 1992 to 7 per 1000 in 2000 [41].

HIV-related cryptococcal meningitis is now a problem in
the West in patients who present with late-stage HIV
infection, typically those with limited access to healthcare
[40,41]. However, it remains a major opportunistic
infection in the developing world in areas of high HIV

seroprevalence [42,43]. C. neoformansis the leading cause of
meningitis in central and southern Africa, accounting for
26.5% of cases in a series from Malawi [44], 31% in a series
from the Central African Republic [45] and 45% from
Zimbabwe [46]. In these areas, it is one of the main causes
of mortality in cohorts of HIV-infected individuals,
responsible for 13—44% of all deaths [47-49]. For
comparison, 5-13% of deaths were attributed to
tuberculosis in these studies. In Thailand, cryptococcosis
accounts for up to 20% of AIDS-defining illnesses [43,50]
and itis reported as a major opportunistic infection in India
[51] and Brazil [52]. There are interesting geographical
variations in incidence that presumably relate to difterential
rates of exposure. For example, cryptococcal disease
appears to be more common in southern and east Africa
than in west Africa [53], and in north and northeast
Thailand compared with southern Thailand [43].

Even with current optimal treatment, the 10-week
mortality of HIV-associated cryptococcal meningitis is
high, ranging from 10 to 25% in developed countries,
with no evidence of any decrease in recent years [54]. Of
note, mortality is higher in less selected series [55]
compared with clinical trails in which very sick patients
are excluded [21]. In unselected series from resource-
poor settings, acute mortality is up to 43% even with
amphotericin B therapy [56]. In Zambia, median survival
with low-dose fluconazole monotherapy was 19 days
[57], barely better than that in the absence of antifungal
therapy [57—59]. In South Africa, in a recent unselected
prospective series [60], overall 10-week mortality was
37% despite initial treatment with amphotericin B for
most patients and access to ART (Fig. 1).

However, this last study also confirmed that, once over
the acute cryptococcal infection and established on ART,
the long-term outlook is good, as in the developed
country setting, with a levelling of the survival curve.
Therefore, in the setting of expanding access to ART
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Fig. 1. Prospective observational study of survival of
54 patients with HIV-associated cryptococcal meningitis trea-
ted according local protocol (49 with amphotericin B 1 mg/kg
daily, 5 with fluconazole) in Cape Town South Africa. Patients
not already taking antiretroviral therapy at the time of pres-
entation were started on therapy from 4 weeks after antifungal
therapy. (From data in Bicanic et al. [60].)
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across the developing world, the urgent challenge is to
improve acute management and thereby increase the
proportion of patients surviving the critical initial
months.

Antifungal therapy

Current antifungal treatment guidelines (Table 1; [61,62])
are based in large part on the results of a large, randomized
trial published a decade ago [21]. Initial therapy was with
amphotericin B (0.7 mg/kg daily) with or without
flucytosine (100 mg/kg daily) for 2 weeks, followed by
an 8-week consolidation phase with either fluconazole
(400mg daily) or itraconazole (400mg daily). The
rationale was to gain control of infection with initial
more rapidly active amphotericin B-based therapy but
switch to well-tolerated azoles for consolidation treatment
to minimize the dose-dependent toxicity of amphotericin
B. The mortality was the lowest of any published trial, at
9.4% in the first 10 weeks. The addition of flucytosine was
associated with a trend towards a higher proportion of
patients with sterile CSF at 2 weeks and reduced relapse.
Fluconazole was superior to itraconazole for consolidation
treatment [21]. That the combination of amphotericin
B plus flucytosine is more rapidly fungicidal than
amphotericin B alone has been demonstrated in a
subsequent study in Thailand using serial quantitative
cultures to assess the rate of clearance of cryptococcal
colony-forming units from the CSF or early fungicidal
activity. The clearance of cryptococci from CSF was
significantly faster with amphotericin B plus flucytosine
than with amphotericin B alone, amphotericin B plus
fluconazole (at 400 mg daily ) or a combination of all three

(Fig. 2 [20]).

Both these studies also demonstrated that, with appropriate
monitoring, conventional amphotericin B is reasonably
well tolerated, with drug discontinuations in 3% of patients
in the first 2 weeks in the Mycoses Study Group trial [21].
Saline and fluid loading equivalent to 1 litre normal saline

daily should be given unless contraindicated, to minimize
nephrotoxicity [63], and electrolytes replaced as required.
Anaemia, secondary to suppression of erythropoietin
transcription [64], is also a predictable side effect of
amphotericin B [65—67]. This may be more clinically
significant in populations with lower baseline haemoglobin
levels, and where transfusion, when occasionally needed,

is difficult.

Flucytosine, at the historically low daily dose of
100 mg/kg, was also well tolerated without real-time
drug level monitoring in either trial. A substudy of the
Thai trial comparing oral and intravenous flucytosine at
the same daily dosage of 100 mg/kg has provided some
insight into this observation. In contrast to earlier studies
in other patient populations, oral bioavailability of
flucytosine in these patients at a late stage of HIV
infection was only around 50%, resulting in relatively low
serum concentration, of an order not usually associated
with toxicity. Nevertheless, despite the lower serum
levels, patients on oral formulation had the same rate of
clearance of infection as those on intravenous formulation
[68], consistent with evidence for the dose-independent
activity of flucytosine [69—71]. The data suggest that even
100 mg/kg daily, if given intravenously, may be in excess
of that required for maximal additional fungicidal activity.

If renal impairment does develop, liposomal amphoter-
icin B, at 3 mg/kg daily, provides a less nephrotoxic and
equally effective alternative. A small study suggested
liposomal amphotericin B, at 4mg/kg daily, was more
active than conventional amphotericin B [72], but a larger
study found no difference in the proportion of patients
with sterile CSF at 2 weeks in patients receiving daily
liposomal amphotericn B at 3 or 6 mg/kg compared with
conventional amphotericin B at 0.7 mg/kg daily [73].

Unfortunately, in many resource-poor settings, ampho-
tericin B is not available or cannot be used safely because
of lack of monitoring, and fluconazole, widely available,
through a free access programme or in generic form, is
the only treatment option. Outcomes with initial

Table 1. Antifungal treatment recommendations for HIV-associated cryptococcal meningitis®.

Preferred daily regimen [61,62]

Notes

First 2 weeks

Next 8 weeks Fluconazole 400 mg®

Thereafter, until immune-reconstitution
(see text)

Fluconazole 200 mg

Amphotericin B (AmB) 0.7-1 mg/kg plus
flucytosine 100 mg/kg®

If flucytosine not tolerated or not available,
consider AmB at 1 mg/kg daily

If AmB not tolerated, consider liposomal AmB
at 3mg/kg daily if available; if not, switch
early to fluconazole at 800 mg daily

If no facility for i.v. therapy, consider
fluconazole at > 800 mg daily

Am B, amphotericin B; i.v., intravenous.

?Adapted from Bicanic, 2005 (Bicanic T, Harrison TS. Cryptococcal meningitis. Br Med Bull 2005; 72: 99-118).
bAdjust for renal impairment; oral or i.v. formulation; if i.v. formulation, consider 75 mg/kg daily [68].
“Adjust for renal impairment; increase dose by 50% if concomitant rifampicin.
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Fig. 2. Fall in Cryptococcus neoformans colony-forming units (CFU) in cerebrospinal fluid (CSF) over time by treatment group.
The decrease in log CFU/ml CSF per day was calculated for each patient using the slope of the linear regression of log CFU against
time. For each treatment group, early fungicidal activity (EFA) is shown as the mean (£SD) rate of fall in log CFU. EFA was
significantly greater for amphotericin B (AmB) plus flucytosine compared with AmB alone (P <0.001), AmB plus fluconazole
(P=0.02), or triple therapy with AmB, flucytosine and fluconazole (P =0.02). (Adapted from Brouwer et al. [20], with permission).

fluconazole monotherapy at 200—400 mg daily have not
been good, either in early US-based studies [19,74],
including a small randomized study in which 400 mg daily
was clinically inferior to amphotericin B plus flucytosine
[74], or in more recent series from Africa [57,75,76].
Although the earlier randomized study comparing
amphotericin B with fluconazole found no significant
difference in clinical outcomes, time to sterilization
was very long for fluconazole (median 64 days), and
outcomes for both drugs were poor [19]. Furthermore,
the dosages used for both drugs were lower than currently
recommended, making interpretation difficult. The
10-week mortality of approximately 50% with initial
fluconazole monotherapy reported by Schaars and
colleagues [75] in South Africa represents a minimum
estimate in this setting given the retrospective nature of
the study with incomplete out-patient follow up. Recent
work from Cape Town has demonstrated that 400 mg
fluconazole daily is essentially fungistatic over the first
2 weeks of treatment [60]. The resulting prolonged
period with a high viable organism load may predispose
to the development of fluconazole resistance. Such
resistance is a significant problem when initial therapy is
with fluconazole [77]. A further concern is that
prolonged active infection could also increase the risk
of immune reconstitution reactions (see below) following
introduction of ART, although data on this point are
lacking.

Animal studies suggest a dose—response relationship with
increasing fluconazole levels [78]. There is a linear plasma
concentration—dose relationship with fluconazole at up to
2 g daily [79], and doses up to 1600 mg daily have appeared
safe in small numbers of patients [79,80]. In addition there
is a suggestion of a dose—response relationship in terms of
the time to sterilization of CSF: with a median time to CSF
sterilization of 64 days with 200—400 mg daily [19], amean
time of 41 days with 400 mg daily [74], and 21 [81] and
33 days [82] with 800 mg daily. On this basis, and given the
unsatisfactory results of treatment at lower doses, a dose-
escalation study of fluconazole therapy is currently
underway in Uganda. In the meantime, in settings where
amphotericin B cannot be used safely and fluconazole is the
only option, the authors would suggest a starting dose of at

least 800 mg daily (Table 1).

The combination of fluconazole plus flucytosine 1is
additive or synergistic in murine models [83,84],
although not in a study in rabbits [78]. A clinical study
in Uganda suggested benefit with addition of flucytosine
to fluconazole, although the dose of fluconazole was low
(200 mg daily) [76]; and in a small series from the United
States, the combination of flucytosine and fluconazole at
400 mg daily resulted in a relatively short median time to
sterilization of CSF of 23 days, although side effects with
the combination appeared frequent |[85]. Further
comparative trials to examine the fungicidal activity
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and toxicity of this combination with higher doses of
fluconazole are warranted in settings where intravenous
amphotericin B-based therapy is not possible.

While not as effective, at conventional dosages, as
amphotericin B for initial therapy, fluconazole is highly
effective and safe as maintenance therapy [86—88].
Increasing evidence suggests discontinuation of this
secondary prophylaxis is safe if there has been a significant
and sustained immune reconstitution with ART (CD4
cell count > 200 cells/pl for > 6 months) [89-91].

Raised cerebrospinal fluid opening
pressure

Significantly raised intracranial pressure is a major problem
in cryptococcal meningitis, with over half of patients
having pressures > 25 cmH,O and nearly a third pressures
> 35 cmH,O in an analysis of the last Mycosis Study Group
Trial [22]. Raised CSF pressure was associated with
cognitive impairment, more cranial nerve lesions and
increased short-term mortality. Prolonged raised CSF
pressure usually manifests as severe headache, papilloe-
dema, and progressive loss of vision, hearing impairment
and decreased level of consciousness [92]. The mechanisms
leading to increased pressure are debated [22,93,94].
Although a marked inflammatory response is not a feature
of HIV-associated cryptococcal meningitis, it is possible
cerebral oedema plays a role in some patients. Vascular
endothelial growth factor, a mediator of wvascular
permeability, has been measured in the CSF of patients
with cryptococcal disease [95,96], although no correlation
between levels of this growth factor and CSF opening
pressure has been demonstrated. Instead, the primary
deficit is likely to be blockage of CSF reabsorption at the
arachnoid villi because of the presence of organisms and
shed polysaccharide [23—25]. This would be consistent
with the association of raised pressure with higher CSF
antigen titre and higher rates of India ink positivity [22],
and it would explain why ventricular size usually remains
normal, as there is no pressure gradient between the
ventricles and the CSF over the convexities of the brain.

In terms of management, few controlled trials have been
carried out, so recommendations are based on small series
and expert opinion. Current US guidelines suggest daily
lumbar punctures for all patients with elevated baseline
opening pressures (> 25cmH,0), with the removal of
sufficient CSF to reduce pressures by 50%, continued until
pressure has been normal for several days [61]. The
maximum volume of CSF that is safe to remove at a single
lumbar puncture is unclear but 20—-30ml is probably
reasonable [97]. If facilities allow, computed tomographic
or magnetic resonance scanning of the head should be done
prior to initial lumbar puncture or if suspected raised CSF
pressure develops on therapy in order to exclude rare cases
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of true hydrocephalus and space-occupying lesions. In the
rare cases in which hydrocephalus develops, a ventricu-
loperitoneal shunt should be inserted [98]. When repeated
lumbar punctures fail to control pressure and the patient’s
condition is deteriorating, CSF drainage can be achieved
with a ventricular or, less invasive, lumbar drain [99,100]. It
is unclear how long the defect in CSF reabsorption persists,
but it may be that a significant proportion of patients will
respond to relatively short-term drainage with a temporary
system [99]. These allow the continual, controlled drainage
of high volumes of fluid (approximately 200 ml daily) to a
set pressure level, are relatively straightforward to insert,
and have a low risk of complications with adequate
monitoring and nursing and medical staft who are familiar
with their use [101,102].

The use of mannitol, acetazolamide, and corticosteroids for
raised CSF pressure is not supported by available evidence
[61]. A randomized trial of acetazolamide was terminated
early [103]; and high-dose steroids were associated with
higher mortality in patients with elevated CSF pressures in
a large, although uncontrolled, study [22].

Cryptococcal meningitis immune
reconstitution syndrome

As has been described with other opportunistic infections
[104—106], initiation of ART can lead to restoration of
immune responses to viable or killed organisms or shed
antigen; this, in turn, can lead to a paradoxical clinical
deterioration; with the uncovering of previously sub-
clinical cryptococcal disease or relapse of previously treated
infection. Cryptococcal IRIS has been reported in 6—-30%
of patients with cryptococcal meningitis following
commencement of ART [107,108] and may be fatal
[108,109]. In the US study, the median time to onset of
symptoms after starting ART was 30 days [107]; however,
cases have been reported after many months [108].
Presentations include mediastinal lymphadenitis [110],
abscesses [111,112] and cavitatory pneumonia [113], with
the commonest being recurrence of meningitis [107—-109].
Cases of IRIS have been characterized by a higher CSF
white cell count and also higher opening pressures
[107,114—-116]. Risk factors for cryptococcal IRIS include
higher cryptococcal antigen titres at baseline, fungaemia or
widely disseminated disease [107,108] and ART within
1 month of antifungal therapy [107,108]. The diagnosis of
cryptococcal IRIS is partly one of exclusion, the following
factors supporting this diagnosis:

e temporal association between starting ART and clinical
presentation

e cvidence of immune restoration (rise in peripheral CD4
cell count)

o exclusion of alternative explanations (e.g., noncompliance
or resistance to fluconazole, a second possible diagnosis)
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e clinical features (i.e., new or increased lymphadenopathy),
cytology (i.e., CSF white cell count) or histopathology con-
sistent with an increased cell-mediated immune response

e negative cryptococcal cultures (restricted definition).

The role of IRIS is less in doubt when cryptococcal cultures
are negative, but it is likely that immune reconstitution also
contributes to the presentation and re-presentation of some
patients who are still culture positive [77].

The occurrence of cryptococcal IRIS has implications for
the timing of ART. The apparent increase in the risk of
cryptococcal IRIS with earlier initiation of ART has to be
balanced against the risk of other HIV-related compli-
cations if initiation of ART is delayed. Optimal timing of
ART may be earlier in developing countries where rates
of death prior to initiation of ART are high [60,117].
Until trials currently underway report, most investigators
would start ART from 4 weeks into antifungal therapy,
although it is possible earlier ART may be safe if a rapidly
fungicidal regimen is used for initial antifungal therapy.
Treatment of cryptococcal IRIS is another area requiring
further investigation. If clinical progression occurs,
despite appropriate antifungal therapy and aggressive
management of any raised CSF pressure, short-term
steroids, which have been used successtully in case reports
[108,118,119], can be considered.

Prevention and screening

The need for primary antifungal prophylaxis is reducing as
access to ART expands, the best prophylaxis being rapid
immune reconstitution with ART. However in the
absence of ART, or in those who fail to respond to
treatment, a strong case exists for primary prophylaxis with
fluconazole in those with CD4 cell counts < 100 cells/pl
in areas with a high incidence of cryptococcal disease
[120,121]. Such a policy was introduced in Thailand prior
to widespread availability of ARTand is under investigation
in east Africa. In areas of high incidence, in view of the
significant proportion of patients now presenting after
starting ART [60], a case can also be made for screening
with serum cryptococal antigen [122] prior to ART in
order to diagnose and treat subclinical infection before it is
unmasked by immune reconstitution. However, studies are
needed, and such a strategy is not justified and is not used in
areas of lower incidence [18,123].

Future developments

Reasons for the ongoing high mortality of HIV-related
cryptococcal disease include the inadequacy of current
antifungal therapy, restricted access to some drugs in many
areas [124], the problem of raised CSF pressure and the lack

of data on optimal timing of ART. As discussed above,
efforts are underway to address some of these questions.

Regarding access to antifungal drugs, fluconazole is
widely available through a free access programme and in
generic form. In contrast, although generic amphotericin
B is also available, the cost is variable and may be
significant in very resource-limited settings [124]. In
addition, continuous supply has been an issue in some
areas, including the United Kingdom, related perhaps to
the reduced market for amphotericin B deoxycholate for
treating other fungal infections in the developed world.
Flucytosine is a simple and old molecule that nevertheless
is not widely available either in Africa or Asia, where the
burden of cryptococcal disease is so high. Only one
manufacturer markets the drug to our knowledge. In
countries where they are not marketed, flucytosine tablets
can be obtained on a named patient basis from IDIS
World Medicines (www.idispharma.com). If studies,
currently underway, comparing high-dose fluconazole
with flucytosine as a companion drug to give with
amphotericin B show that flucytosine remains the second
drug of choice, then advocacy is needed to expand access
to flucytosine.

The rate of clearance of infection, or early fungicidal
activity, from serial quantitative cultures of CSF provides a
means by which the activity of new drugs or combinations
for antifungal therapy can be accurately assessed in small
numbers of patients; this would enable regimens for testing
in phase I11 trials to be selected on a more rational basis [20].
Such clearance studies are underway to examine whether
1mg/kg amphotericin B daily is associated with a
significant increase in fungicidal activity compared with
0.7 mg/kg daily, and to compare flucytosine and high-dose
fluconazole as a second drug to give with amphotericin B.
Comparative studies are also needed with new azoles with
activity against C. neoformans, such as voriconazole [125],
although interactions with antituberculous and antiretro-
viral medication are a problem. Minimal inhibitory
concentrations, animal model data and penetration into
the central nervous system for voriconazole and posaco-
nazole are shown in Table 2. Of note, echinocandins have
limited anticryptococcal activity because they target 1—
3-B-D-glucan linkages, which are not important in the
cryptococcal cell wall [126].

Given the limitations of current antifungal drugs, and
uncertainty over further drug development, there is
continuing interest in adjunctive immunotherapy. A
monoclonal antibody directed against the capsular poly-
saccharide of C neoformans has reached phase I human
studies [127]; and a monoclonal antibody fragment,
Mycograb, directed against candidal heat shock protein
90, and reported to be beneficial when given with
amphotericin B in invasive candidiasis [128], also has
in-vitro activity against C. neoformans [129]. Clinical trials
in cryptococcal meningitis are planned.
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Table 2. Data on activity of posaconazole and voriconazole in cryptoccocal infection.

Posaconazole [134]

Voriconazole

In-vitro minimum concentration giving 0.25-0.5
90% inhibition (ug/ml)* [135-144]
Activity against fluconazole-resistant strains Yes [135-140]

Animal models

Penetration into CSF”

Equivalent efficacy to fluconazole in rabbit
model [140]; active in murine model;
at doses tested but appeared inferior to
amphotericin B [145]

Poor; undetectable levels in CSF in animal
models, despite therapeutic plasma levels

and in-vivo efficacy [140]

Penetration into brain tissue No data

Clinical data

meningitis [150]

Case series of activity in fungal CNS infections
[149,150]; clinical success in 14 of 29 patients
(48%)“ with refractory cryptococcal

0.12-0.25

Yes [141-144]

Good activity in murine model
[146], in high doses equivalent
efficacy to amphotericin B [147]

Good; high levels demonstrated in
CSF in animal models and
immunosuppressed patients [148]

High levels demonstrated in guinea
pig models and immunosuppressed
patients [148]

Case series of activity in fungal CNS
infections [151,152]; successful
response in 7 of 18 (39%) patientsd
with refractory cryptococcal
meningitis [125]

CSF, cerebrospinal fluid; CNS, central nervous system.

“For comparison, values for itraconazole and fluconazole are 0.5 and 8—16 pg/ml, respectively.

PRelevance unclear given the concentration of amphotericin B, a very active drug, is very low in CSF [153,154].

“Success required resolution of (seen in 4 patients) or improvement in (10 patients) attributable symptoms, signs and radiographic abnormalities; all
successes also had negative CSF culture; of the other 15 patients, 6 classified as stable.

dSuccess required demonstration of reduction in antigen titre; of other 11 patients, 10 classified as stable; >90% patients alive at 90 days.

An alternative approach is use of interferon-y (IFN-y).
There is direct in-vivo evidence that IFN-y is important
for clearance of cryptococcal infection in HIV-infected
patients [130]. A placebo-controlled trial showed that
adjuvant IFN-vy therapy was safe and well tolerated, with
no detrimental effects on HIV viral load or CD4 cell
counts. There was also a trend towards improved
mycological outcomes, with 13% of placebo recipients
achieving negative cultures at 2 weeks compared with 36%
or 32% of those receiving IFN-y [131]. The trend in favour
of IFN-vy was already seen after 2 weeks of treatment, and
studies have shown that endogenous IFN-y in the CSF
peaks at day 3 and is virtually undetectable by day 14 [130],
suggesting that short courses of adjuvant IFN-y, which
would be more feasible to implement, may be effective.

Finally, studies continue to identify suitable cryptococcal
antigens for vaccine development [132] and to address the
formidable challenges inherent in the vaccination of
immunodeficient hosts, such as those with HIV infection

[133].
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Occupational Exposure to HIV
in Health Care Settings

Julie Louise Gerberding, M.D., M.P.H.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

While obtaining a peripheral venous blood sample from a patient with the acquired im-
munodeficiency syndrome (AIDS), a 35-year-old phlebotomist is injured by a bloody
18-gauge needle attached to a syringe. The patient has been taking didanosine and
stavudine for more than six months, but her quantitative plasma human immunode-
ficiency virus (HIV) RNA titer and CD4 T-lymphocyte count have not been measured for
many weeks. What is the appropriate postexposure treatment for the phlebotomist?

THE CLINICAL PROBLEM

Health care personnel who have occupational exposure to blood are at risk for HIV in-
fection. Prevention of blood exposure, through safer practices, barrier precautions, safer
needle devices, and other innovations, is the best way to prevent infection with HIV and
other bloodborne pathogens.12 Although these strategies have been successful in reduc-
ing the frequency of blood exposure and needle-stick injuries in the past decade, the
hazard has not been eliminated.

As of December 2001, the Centers for Disease Control and Prevention (CDC) had re-
ceived voluntary reports of 57 documented cases of HIV seroconversion temporally
associated with occupational exposure to HIV among U.S. health care personnel.1:3 An
additional 138 infections among health care personnel were considered possible cases
of occupational HIV transmission. Occupational transmission of HIV has been report-
ed in most countries, but the global surveillance data required to estimate the true fre-
quency of this problem are not available. Because there is no cure or effective vaccine for
AIDS, optimal postexposure care, including the administration of antiretroviral drugs
to prevent HIV infection, remains a high priority for protecting health care personnel.

Percutaneous injury, usually inflicted by a hollow-bore needle, is the most common
mechanism of occupational HIV transmission. The CDC estimates that more than
380,000 needle-stick injuries occur in U.S. hospitals each year; approximately 61 per-
cent of these injuries are caused by hollow-bore devices.# Although the number of nee-
dle-stick injuries that occur in nonhospital settings, where 60 percent of the health care
labor force is employed, is not known, it is probably large. The proportion of injuries
involving exposure to blood from HIV-infected sources is not known, but each exposure
is an urgent health issue for the exposed person. Clinicians in emergency departments,
acute care clinics, and many other primary care settings must be equipped to assess the
potential for HIV transmission after occupational exposure to blood and must determine
the need for treatment and testing. Such clinicians must also be able to administer im-
mediate postexposure treatment when indicated and refer exposed persons for appro-
priate follow-up medical care and counseling.
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STRATEGIES AND EVIDENCE

There are two main strategies for managing occu-
pational exposure to blood. The firstapproach is to
provide empirical treatment with two or more anti-
retroviral drugs unless additional information (e.g.,
the result of an HIV test in the source patient or a
detailed description of the exposure) suggests that
this treatment is not warranted. The second ap-
proach is to conduct a thorough assessment of the
exposure (including an HIV test in the source patient
if HIV infection has not already been diagnosed) and
then initiate antiretroviral treatment only if the ex-
posure poses a risk of HIV transmission. A single
antiretroviral drug or two or more antiretroviral
drugs in combination may be used. Factors that
should be considered in the choice of treatment for
an exposed health care worker include the risk of
HIV infection associated with the exposure, the ex-
pected benefit of antiretroviral treatment, the risks
associated with the proposed treatment, and the
probability that the infecting strains will be suscep-
tible to the antiretroviral regimen used.?

RISK OF HIV TRANSMISSION

A patientwhose blood or other potentially infectious
body fluid is involved in an occupational exposure
should be evaluated to determine the likelihood of
HIV infection, in accordance with relevant state reg-
ulations and local policies. The interval between the
onset of viremia and the detection of HIV antibody,
with the use of current enzyme immunoassays for
HIV, is a few days at most.> Hence, if the result of a
reliable HIV test in the source patient is negative,
the risk of transmission is assumed to be zero, un-
less the patient has risk factors for infection and the
clinical findings are compatible with acute HIV in-
fection (e.g., fever, pharyngitis, rash, lymphadenop-
athy, and malaise).

The use of a rapid HIV test can reduce the time
needed to rule out HIV infection to a few hours or
less. One test that is currently available, the Single
Use Diagnostic System HIV-1 Test (Abbott-Murex
Diagnostics), is highly sensitive, and a negative re-
sultis reliable evidence thatinfection is not present.®
A positive test is presumptive evidence of HIV infec-
tion, but confirmatory tests should be performed,
since false positive results do occur. When properly
performed by experienced laboratory personnel,
rapid testing may not only decrease unnecessary an-
tiretroviral treatment and save money but also allay
the anxiety of the exposed person.?

Pooled data from several prospective studies of

health care personnel suggest that the average risk
of HIV transmission is approximately 0.3 percent
(95 percent confidence interval, 0.2 to 0.5) after a
percutaneous exposure to HIV-infected blood and
approximately 0.09 percent (95 percent confidence
interval, 0.006 to 0.5) after a mucous-membrane
exposure.! The average risk associated with expo-
sure of nonintact skin and exposure to HIV-infected
fluids and tissues other than blood or bloody fluids
is too low to be estimated in prospective studies. In
aretrospective study, the CDC found that the risk of
transmission of HIV to health care workers was in-
creased when the device causing the injury was vis-
ibly contaminated with blood, when the device had
been used for insertion into a vein or artery, when
the device caused a deep injury, or when the source
patient died within two months after the exposure.8
These risk factors may be surrogate markers of the
viral inoculum (the volume of the exposure and the
viral titer), but this hypothesis has not been proved.
A low plasma HIV RNA titer may indicate a lower
inoculum but does not exclude the possibility of
transmission, especially since this measurement
does not account for cell-associated HIV. Transmis-
sion from source patients with undetectable HIV
RNA has, in fact, been documented.t

Suture needles have not been implicated as a
source of infection in prospective studies, but oc-
cupational HIV infection has been reported among
surgical personnel, and suture needles are one po-
tential source of such infection. Exposure of intact
skin to contaminated blood has not been identified
as a risk for HIV transmission. The risk associated
with bite injuries has not been quantified, but both
the biter and the victim should be evaluated for the
possibility of infection. The victim is usually at low
risk unless the biter’s saliva is contaminated with
blood, as might happen during an altercation. If the
bite results in a puncture wound or bleeding, then
the biter may have had mucosal exposure to the vic-
tim’s blood, which poses a risk of infection that is
low but greater than zero if HIV is present.t

BENEFITS OF CHEMOPROPHYLACTIC TREATMENT
A convergence of indirect evidence suggests that
treatment with antiretroviral drugs soon after occu-
pational exposure to HIV decreases the risk of in-
fection. The pathogenesis of the initial infection
provides suggestive evidence that there is a window
of opportunity in which antiretroviral treatment can
prevent infection or abort it before irreversible sys-
temic infection and HIV seroconversion occur.
Early animal models provided conflicting infor-
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mation about the probability of effective postexpo-
sure prophylaxis, but more recent and more appro-
priate models have consistently demonstrated the
benefit of treatment.%-13 Several factors appear to af-
fect the probability of transmission in animal mod-
els of postexposure treatment: the viral inoculum,
the interval between viral inoculation and the initi-
ation of treatment, the duration of treatment, and
the choice of antiretroviral drugs.10,11,13

In the CDC’s retrospective case—control study of
health care personnel, postexposure treatment with
zidovudine was associated with an 81 percent reduc-
tion (95 percent confidence interval, 43 to 94) in the
risk of HIV infection.5 However, there are no data
from randomized, controlled trials to assess the ef-
ficacy and effectiveness of postexposure prophylaxis
among health care personnel. Given the low risk of
transmission, several thousand persons would
have to be enrolled for such a trial to have enough
power to show an effect. Data from clinical trials of
prophylaxis against perinatal HIV transmission
consistently demonstrate that antiretroviral treat-
mentcan prevent HIV infection after exposure, even
among neonates who are not treated until after
birth.14-19 The relevance of this clinical situation to
occupational exposure is not known.

Although these data are encouraging, it is clear
that, whatever benefit is afforded by postexposure
treatment, the protection is not absolute. Twenty-
one cases of HIV infection have been reported in
health care personnel in the United States and else-
where, despite postexposure antiretroviral treat-
ment, which included two or more antiretroviral
drugs in some cases.1:20-25 A variety of factors may
have contributed to the treatment failure, including
an intrinsic lack of efficacy of prophylactic antiretro-
viral treatmentand resistance to antiretroviral drugs.

RISKS ASSOCIATED WITH CHEMOPROPHYLACTIC
TREATMENT

All antiretroviral agents are associated with adverse
events, especially gastrointestinal symptoms. Data
from the National Surveillance System for Health
Care Workers and the HIV Postexposure Prophylaxis
Registry indicate that nearly 50 percent of health
care personnel report adverse events while taking
antiretroviral drugs prophylactically, and about one
third stop taking the drugs as a result.1:26 Most of
these symptoms are not serious and can be man-
aged. Prophylactic regimens thatinclude three drugs
are more likely to result in adverse events and early

discontinuation of treatment than are two-drug reg-
imens.2°®

Avariety of adverse effects have been associated
with postexposure prophylaxis (Table 1). Serious
events are rare, but they do occur and can be life-
threatening. Nephrolithiasis, impaired ocular mus-
cle movement, hepatitis, hyperglycemia, and pancy-
topenia have been reported.1:26-31 From March 1997
through September 2000, the Food and Drug Ad-
ministration received reports of 22 persons with
one or more serious adverse events related to the
use of nevirapine as prophylaxis against HIV infec-
tion.3%:31 There were 12 cases of hepatotoxicity (1 of
which led to liver transplantation), 14 cases of skin
reactions (including 1 documented and 2 possible
cases of the Stevens—Johnson syndrome), and 1 case
of rhabdomyolysis. On the basis of these reports,
nevirapine is not generally recommended for pro-
phylaxis. Because teratogenic effects have been ob-
served in primate studies, efavirenz is not recom-
mended during pregnancy. Reports of fatal lactic
acidosis in pregnant women treated with a combi-
nation of stavudine and didanosine have prompted
warnings about the use of these drugs during preg-
nancy. Indinavir is not recommended for use at the
end of pregnancy because of the risk of hyperbili-
rubinemia in newborns.1:32

ANTIRETROVIRAL-DRUG RESISTANCE

Resistance to antiretroviral drugs is a growing prob-
lem for all patients, including those whose blood is
implicated in an occupational exposure. A study of
occupational exposure conducted at seven U.S. sites
in 1998 and 1999 showed that 16 of 41 source per-
sons whose HIV viral genome was sequenced (39
percent) had mutations associated with resistance
to reverse-transcriptase inhibitors, and 4 (10 per-
cent) had mutations associated with resistance to
protease inhibitors.33 Resistance to antiretroviral
drugs is most likely in patients with clinical progres-
sion of disease, increasing quantitative plasma HIV
RNA titers, a decline in the CD4 T-lymphocyte
count, or a combination of these findings.34 Unfor-
tunately, clinical data alone are not reliable in detect-
ing resistance, and data from genotyping or phe-
notyping assays are rarely available in time to guide
decisions about empirical postexposure treatment.
For this reason, two or more antiretroviral drugs are
usually used for prophylaxis after occupational ex-
posure.t
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Table 1. Basic and Expanded Regimens of Postexposure Prophylaxis against Human Immunodeficiency Virus Infection.*

Regimen
Basic

Zidovudine (Retrovir) plus lamivudine
(Epivin)t

Lamivudine plus stavudine (Zerit)

Didanosine, available as a chewable or dis-
persable buffered tablet (Videx) or as a
delayed-release capsule (Videx EC), plus
stavudine

Doses

600 mg of zidovudine daily in two

or three divided doses; 150 mg
of lamivudine twice daily

150 mg of lamivudine twice daily;

40 mg of stavudine (if body
weight is <60 kg, 30 mg) twice
daily

400 mg of didanosine daily, taken

on an empty stomach if a buf-
fered tablet is used (if body
weight is <60 kg, 125 mg twice
daily if a buffered tablet is
used), or 250 mg daily if a de-
layed-release capsule is used;
40 mg of stavudine twice daily

Primary Adverse Effects

Zidovudine: anemia, neutropenia,

nausea, headache, insomnia,
muscle pain, weakness; lamiv-
udine: abdominal pain, nau-
sea, diarrhea, rash, pancreatitis

Lamivudine: as above; stavudine:

peripheral neuropathy, head-
ache, diarrhea, nausea, insom-
nia, anorexia, pancreatitis,
elevated liver-function values,
anemia, neutropenia

Didanosine: pancreatitis, lactic aci-

dosis, neuropathy, diarrhea,
abdominal pain, nausea; stavu-
dine: as above

Expanded (basic regimen plus one of the
following)

Indinavir (Crixivan)

Nelfinavir (Viracept)

snack

Efavirenz (Sustiva)

Abacavir (Ziagen)i:

800 mg every 8 hr, taken on an
empty stomach

750 mg three times daily, with a
meal or snack, or 1250 mg
twice daily, with a meal or

600 mg daily, at bedtime

300 mg twice daily

Nausea, abdominal pain, nephro-
lithiasis, indirect hyperbilirubi-
nemia

Diarrhea, nausea, abdominal pain,
weakness, rash

Rash (including Stevens—Johnson
syndrome), insomnia, somno-
lence, dizziness, trouble con-
centrating, abnormal dreaming

Nausea, diarrhea, anorexia, ab-
dominal pain, fatigue, head-
ache, insomnia, hypersensitivi-
ty reactions

* The information is adapted from the recommendations issued in 2001 by the Public Health Service.2
T A combined formulation is also available (Combivir); the recommended dose is one tablet twice a day.
I Abacavir is available as a combined formulation with zidovudine and lamivudine (Trizivir).

AREAS OF UNCERTAINTY

Itis unclear why 99.7 percent of occupational inju-
ries involving percutaneous exposure to HIV do not
transmitinfection, and an assessment of the risk of
transmission therefore remains imprecise. Poten-
tially relevant factors, such as the role of the host’s
immunologic response and characteristics of the
viral strain thataffect infectivity, have not been iden-

tified.35:3¢ Neither the window of opportunity dur-
ing which postexposure antiretroviral treatment is
beneficial nor the optimal duration of treatment for
the prevention of infection is known.

The most effective and safest antiretroviral regi-
men for exposed persons also remains uncertain.
A combination of three or more antiretroviral agents
is usually advised for the treatment of HIV infection,
but there is no clinical evidence that such combina-
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tions are more effective in preventing infection after
occupational exposure than is treatment with a sin-
gle drug. In fact, of the five health care workers who
are known to have acquired HIV infection despite
prophylactic treatment with more than one antiret-
roviral drug, three received three or more drugs.33

Finally, the efficacy and safety of prophylactic
treatment in pregnant and breast-feeding women
are not fully established, and there are few data on
the effect of treatment on fertility, spermatogenesis,
teratogenesis, and oncogenesis in otherwise healthy
people.

GUIDELINES

Current Public Health Service guidelines (available
at http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr5011al.htm) recommend that a basic four-week
regimen of two drugs (zidovudine and lamivudine,
lamivudine and stavudine, or stavudine and didan-
osine) be started as soon as possible after most cas-
es of HIV exposure through percutaneous or mu-

cosal routes (Table 1).1 If the source person is
determined to be HIV-negative, treatment should be
discontinued. Antiretroviral treatment is not indi-
cated for contact between intact skin and blood or
other body fluids contaminated by HIV.

The Public Health Service guidelines specify that
when the injury involves an increased risk of infec-
tion (e.g., an injury caused by a large-bore needle,
associated with a deep puncture, or caused by a de-
vice visibly contaminated with blood or a device in a
patient’s artery or vein), the regimen should be ex-
panded to include a third drug (Table 2). Indinavir
or nelfinavir is recommended as a good option when
athird drug is indicated. Efavirenz, a nonnucleoside
analogue, and abacavir are also considered poten-
tially useful drugs when an expanded regimen is in-
dicated. Routine use of three drugs is not recom-
mended for all exposed persons, because adding a
third drug increases the probability that adverse
events will occur and that the four-week course of
treatment will not be completed. 26

HIV testing of exposed persons is recommend-

Table 2. Recommendations for Prophylaxis against Human Immunodeficiency Virus (HIV) Infection after Percutaneous Injury, According to

the Infection Status of the Source Person.*

Risk Posed by
Exposuret

Lower

Higher

Basic 2-drug prophylax- Expanded (3-drug)

Expanded (3-drug)

Infection Status of Source Personz:

HIV-Positive,

HIV-Positive, Class 1 Class 2

is recommended prophylaxis rec-

ommended

Expanded (3-drug)
prophylaxis rec-
ommended

prophylaxis recom-
mended

Unknown Status

Generally, prophylaxis not war-
ranted, but basic 2-drug
prophylaxis can be consid-
ered if source person has
risk factors for infection§

Generally, prophylaxis not war-
ranted, but basic 2-drug
prophylaxis can be consid-
ered if source person has
risk factors for infection§

Unknown Source Person HIV-Negative

Generally, prophylaxis not
warranted, but basic
2-drug prophylaxis can
be considered in set-
tings where exposure to
HIV-infected persons is
likely

Prophylaxis not
warranted

Generally, prophylaxis not
warranted, but basic
2-drug prophylaxis can
be considered in set-
tings where exposure to
HIV-infected persons is
likely

Prophylaxis not
warranted

* The information is adapted from the recommendations issued in 2001 by the Public Health Service.2

T Injuries caused by solid needles and superficial injuries pose a lower risk of infection, and those involving a large-bore hollow needle, a deep
puncture, a device visibly contaminated with blood, or a needle used in a patient’s artery or vein pose a higher risk of infection.

I Aclass 1 positive status is defined by asymptomatic HIV infection or a low viral load (e.g., <1500 RNA copies per milliliter); a class 2 positive
status is defined by symptomatic HIV infection, the acquired immunodeficiency syndrome, acute seroconversion, or a high viral load. If drug
resistance is a concern, an expert should be consulted. Initiation of prophylaxis should not be delayed pending such consultation. Resources
should be available to provide immediate evaluation and follow-up care for all exposed persons.

§ Ifthe source person has risk factors for HIV infection, prophylaxis is optional and should be based on an individualized decision made jointly
by the exposed person and the treating clinician. If prophylaxis is administered and the source person is subsequently determined to be HIV-
negative, prophylaxis should be discontinued.
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ed as soon as possible after exposure (to establish
that the infection was not already present) and pe-
riodically during the first six months after the expo-
sure (to detect occupational transmission). Testing
after six months is not usually indicated, but if the
exposure posed an especially high risk or if the ex-
posed worker needs further reassurance, additional
testing may be helpful. An enzyme immunoassay for
HIV antibody is the appropriate test for detecting
new infections. The routine use of tests to detect
plasma HIV RNA is not recommended. Since these
tests are optimized to measure very low levels of HIV
RNA, they have a relatively high rate of false positive
results and a low positive predictive value when used
to detect occupational infection — factors that can
lead to unnecessary anxiety, unnecessary use of an-
tiretroviral treatment, or both.36,37

Laboratory monitoring, including a complete
blood count and tests of renal and hepatic function,
is recommended at base line and at two weeks. The
use of additional tests depends on the specific reg-
imen used (Table 1) and the medical condition of
the source patient. The guidelines also recommend
that persons who have acquired hepatitis C virus
infection from the exposure be followed for 12
months, because anecdotal evidence indicates that
they may be at risk for delayed HIV seroconversion.?
All exposed persons, regardless of the postexposure
treatment regimen, are advised to return for imme-
diate evaluation if symptoms or signs that might be
attributable to acute HIV infection appear.

Postexposure care mustalso address the risks of
infection with hepatitis B virus and hepatitis C virus.
The Public Health Service recommendations for
management of occupational exposure to blood in-
clude strategies that target these viruses.t

CONCLUSIONS
AND RECOMMENDATIONS

In a case such as that described in the vignette, I
would prescribe an antiviral regimen that included
at least two drugs. I would choose drugs that were
not part of the source patient’s current treatment
regimen, even though there is no evidence that this
strategy reduces the risk of infection. Since the
source patient was being treated with a stable regi-
men of didanosine plus stavudine, treatment of the
exposed health care worker with zidovudine plus la-
mivudine would be reasonable. If the puncture was
deep, the needle was visibly bloody before the injury,
or the source patient had very advanced HIV infec-

Table 3. Resources for Clinicians Managing Occupational Exposure to Blood.*

Resource

National Clinicians’ Post-Exposure
Prophylaxis Hotline (PEPline),
University of California, San
Francisco—San Francisco
General Hospitalf

Needlestick! (online decision-mak-
ing support for clinicians),
Emergency Medicine Center,
UCLA School of Medicinex:

CDC
Hepatitis information line

To report occupational HIV in-

Contact Information

Telephone: 888-448-4911
http://www.ucsf.edu/hiventr

http://www.needlestick.mednet.
ucla.edu

Telephone: 888-443-7232
http://www.cdc.gov/hepatitis

Telephone: 800-893-0485

fection and failure of prophy-
laxis

Antiretroviral Pregnancy Registry
Fax: 800-800-1052

Food and Drug Administration
To report severe or unusual toxic
effects of antiretroviral drugs

AIDS treatment info

Telephone: 800-258-4263
http://apregistry.com

Telephone: 800-332-1088
http://www.fda.gov/medwatch

http://www.hivatis.org

* The information is adapted from the recommendations issued in 2001 by the

Public Health Service.® AIDS denotes the acquired immunodeficiency syn-

drome.

 The hot line is supported by the Ryan White CARE Act, the HIV/AIDS Bureau,

the Health Resources and Services Administration, and the Centers for Dis-

ease Control and Prevention (CDC).

and the CDC.

1 The Web site is supported by the Agency for Healthcare Research and Quality

tion or a high viral load when last tested, or if other
factors suggested an increased risk of HIV trans-
mission, I would discuss with the health care work-
er the rationale for my recommendation that a third
drug, such as a protease inhibitor (e.g., indinavir),
be added to the regimen. If Iworked in a community
where the incidence of primary resistance to zido-
vudine and lamivudine was known to be high, I
would also encourage the use of a third drug. If in-
formation from recent tests of resistance to antiret-
roviral drugs was available or became available dur-
ing treatment, I might adjust the regimen to include
atleast two drugs to which the virus was susceptible.
To do so, Iwould rely on the strategies that form the
basis for selecting empirical “salvage therapy” in
persons with HIV infection, even though there is no
evidence that this approach is effective.34:38 The
U.S. National Clinicians’ Post- Exposure Prophylax-
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is Hotline (PEPline, 888-448-4911) is a useful re-

of drugs. Table 3 lists additional resources for cli-

source for discussing treatment options and obtain- nicians who are treating patients with occupational

ing advice about the management of adverse effects
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