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First recognized in 1981, acquired immune deficiency syndrome or AIDS originally appeared focused in the gay community, but the disease quickly become a global problem.  Approximately 16,000 people are newly infected with human immunodeficiency virus (HIV) each day, and 75 percent of all hospital beds today are occupied with AIDS patients (1-3).  Even if a cure for AIDS remains elusive, new treatments have lengthened lives and education has helped slow its transmission.  

Among the many manifestations of AIDS, secondary bacterial infection by Streptococcus pneumoniae is one of the most common serious opportunistic infections in the community that still has no effective means of reducing exposure to these bacteria (4-7).  The incidence of invasive pneumococcal disease in people with AIDS is 100-300 times that in an age matched population without HIV infection (8-9).  The goal of this paper is to determine whether pneumococcal vaccination of HIV-infected persons should be continued as part of the effort to prevent secondary bacterial infections in Brazil.  

Overview of Clinical Aspects and Secondary Bacterial Infection by S. pneumoniae 

Clinical Aspects of HIV-Infected Patients 

The level of HIV replication in vivo represents a balance between the complex viral mechanisms regulating HIV gene expression and the ability of the host immune system to recognize and eliminate the infected cells.  The clinical manifestation of HIV infection can be divided into three consequent stages (3).  An acute stage is presented as developing sufficient antiviral antibodies following transient high-level plasma viremia and significant percentage of infected peripheral blood lymphocytes.  Secondly a chronic stage is when only low amount of HIVs expressed and the host cells remain infected by integrating proviral DNA into the cellular DNA.  This stage is asymptomatic and can last for years.  The third stage, AIDS, is recognized when the high amount of viruses are again expressed and the percentage of infected CD4 T-cells rises to greater than 1%.  This dramatic reduction in the absolute number of CD4 cells results in immunodeficiency, leading to varied opportunistic infections (OIs).  The complications include bacterial pneumonia, septic arthritis, meningitis and death.      
Epidemiological Aspects of S. pneumoniae 
S. pneumoniae is the commonest single cause of community-acquired infections including bacterial pneumonia, bacteremia, meningitis, and otitis media.  Each year in the United States S. pneumoniae accounts for an estimated 50,000 cases of bacteremia, 3,000 cases of meningitis, and 10%-25% pneumococcal pneumonia of all pneumonias with an estimated 40,000 deaths annually (6,10-11).  High-risk groups include patients with underlying medical conditions, <2 years old children, ≥65 years old persons, cigarette users, and patients with AIDS.  The annual attack rate of pneumococcal pneumonia among AIDS patients can be as high as 17.9/1000 (10), and this observation is consistent with the decline of CD4 cell counts.

Despite the 50% decrease of invasive pneumococcal disease among persons after the introduction of highly active antiretroviral therapy (HAART) into clinical practice, the rate of disease remains troublesome (11).  Hence, the HIV-infected patients need both appropriate antiretrovirals and OI preventive therapy (6), along with programs to foster adherence.  On the other hand, antibiotic usage for pneumococcal disease prophylaxis has not been advocated owing to concern about emerging drug resistance (12).  High rates (44%-70%) of resistant strains have been reported from Spain, South Africa, Hungary and Korea, and moderately high rates (24%-29%) in Hong Kong, Japan, the United States and Bulgaria.

Epidemiological Features of AIDS epidemics in Brazil

Population Demographics and Current HIV/AIDS Statistics in Brazil 

Brazil is used to account for the second and the third highest number of AIDS cases in the world since the AIDS pandemic till the year 1997, and the 2002 estimate of HIV-infected number is approximately 500,000 cases with possibly 50% underreporting (15-18).  The areas of Brazil with high HIV infection rate are in the urbanized southeastern areas of Sao Paulo and Rio de Janeiro states (120.6 per 100,000 AIDS cases, compared with 6.9 per 100,000 in the northeast regions; 18).  

To date, heterosexual transmission is the dominant mode of HIV infection in Brazil, and AIDS has been the leading cause of death in women aged 25-34 years since 1993 (~20% in Sao Paulo, Santos, Munhoz, and Rio de Janeiro municipalities in 1997; 19-21).  Among the 379 Brazilian respondents, 84% demonstrated factual knowledge about HIV-transmission but coupled with high levels of misconceptions about casual transmission (53%), and only 54% had heard about AIDS recently (Figure1; 65).  The proportion of youth taking effective precautions was low with only 10% expressing condom use at last intercourse.  Youth with higher knowledge and socioeconomic status reported more behavioral changes to avoid HIV infection (22).

Progression towards HIV/AIDS Prevention and Treatment Programs in Brazil

Overall AIDS prevention and care has been successfully in Brazil, and a law establishing the right to free medication and vaccination has saved hospitalization fees around US$420 million with additional cost benefits from healthy and productive life-years gained (1,4,23-24).  

Current S. pneumoniae Prevention and Treatment Counsels in the United States


On November 28, 2001, the U.S. Public Health Service (USPHS) and the Infectious Diseases Society of America (IDSA) have revised the 1995-1999 guidelines of preventing OIs in persons infected with HIV.  The guidelines (6) have been recommended by the American Immunization Practices Advisory Committee (25), the US National Institute of Health, Clinical Infectious Diseases, the Annuals of Internal Medicine, the American Family Physician, Pediatrics, JAMA, the National Health and Research Council-Australia (26), and the British Thoracic Society. 

Adolescents who have a CD4+ T-lymphocyte count of ≥200 cells/μL as well as pregnant women and children older than 2 years should be administered a single dose of 23-valent pneumococcal polysaccharide vaccine (PPV) if they have not received this vaccine in the previous five years (Figure2; 6,9,25,27-29).  Immunization should also be considered for the patients with CD4+ T lymphocyte counts <200 cells/μL, and revaccination may be considered for patients who were initially immunized when their CD4+ count was <200 cells/μL and whose CD4+ count has increased to >200 cells/μL in response to HAART.  Moreover, although no evidence for clinical benefit of revaccination yet exists, periodic revaccination is suggested.  Vaccination is increasingly pertinent because of the increased incidence of drug-resistant strains of S. pneumoniae from antibiotic usage (6-7,30-31).  

Brazil: Provision of Pneumococcal Vaccine to HIV-Infected Persons to Prevent Secondary Bacterial infections 

Overview Structure, Immunogenicity, Reactogenicity, Effectiveness and Safety of 23-Valent Purified Pneumococcal Polysaccharide Vaccine  

The standard licensed 23-valent PPV (PneumovaxR 23) contains 25 μg each of 23 purified capsular polysaccharide antigens of S. pneumoniae: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F (6,28,32-33).  A study of 75 episodes of bacteremic S. pneumoniae disease in HIV-positive residents in the United States revealed that 82% of the strains responsible were presented in this currently used vaccine (8,30,34-36).  The vaccine is generally administered in the upper arm by single intramuscular (im) injection, or in hemophiliacs by subcutaneous injection.  

PPV antigens are classified as T (cell)-independent (TI) antigens, as these antigens stimulate the host to produce specific antibodies and related proinflammatory cytokines (TNF-α and IL-6; 37) against their polysaccharides via cross-linking of surface antigen receptors of B cells in the absence of T cells (Figure3; 9,38-39).  As PPV does not depend on T lymphocytes for antibody induction, it has been regarded as an important pneumococcal-preventive method for immunocompromised persons, especially those with HIV-infected whose CD4 cell counts reduce.  

Since this 23-valent approved vaccine has been practiced in 1970 in South Africa and Papua New Guinea, where pneumococcal incidence is high, PPV was shown to reduce significantly the occurrence of pneumonia in young healthy population (10).  Logistic regression modeling by Dr. Breiman et al of the CDC yielded an estimate of overall PPV effectiveness of 49% (40).  The efficacy of the PPV is up to 98.2% and 100% for HIV-infected and HIV-uninfected adults, respectively (Figure4; 7-8,11,40-41).  Janoff et al (43) and Rodriguez-Barradas et al (67) found that the antibody response to PCV waned as AIDS progressed (CD4+ cell counts declined), so the earlier the vaccination, the more effective the PCV is.  

Overview Structure, Immunogenicity, Reactogenicity, Effectiveness and Safety of 7-Valent Purified Pneumococcal Conjugate Vaccine (PCV)


Heptavalent PCV is composed of 2μg of capsular polysaccharide from each of six serotypes (4, 9V, 14, 18C, 19F and 23F) and 4 μg of capsular polysaccharide from serotype 6B covalently linked to a total of 20-25 μg of CRM197, a non-toxic mutant diphtheria toxin (42).  Similar to conjugate Haemophilus influenzae type B vaccine, pneumococcal cell wall polysaccharides in PCV are joined to protein carriers by reductive amination with aluminum phosphate as an adjuvant (32-33).  Specially for children aged below 2 years, PCV is as safe as and more immunogenic (a 89% efficacy against all S. pneumoniae diseases and a 97% efficacy rate against serotypes covered by the PCV vaccine; 68) than PPV in both HIV-infected and non-HIV-infected groups (32,43).  Therefore, heptavalent PCV is recommended for children under 2 years of age (7,44).


While the 7-valent PCV should result in a greater benefit for children, it covers less than half the serotypes responsible for invasive pneumococcal disease so it is unclear if protection will be improved for general HIV-infected population (13-14).  The issue raised by Nuorti et al of initial priming with T-cell dependent/memory-inducing PCV before administration of PPV still requires much further study, which includes the optimal timing of PCV and PPV administrations (11).

The Pros towards PPV and PCV Usage: Statistical and Experimental Data


Besides their high potency, vaccination is inexpensive and is a better choice compared to alternative drug treatment (such as Bactrim), in which high level of antibiotic resistance has been documented (8,45).  The licensed PPV is considered safe based on clinical experience since 1977, and although PPV seems to elicit fewer side effects than PCV, both PPV and PCV, either given alone or in combination, elicit no severe adverse reactions such as fever or local reactions (Figure5; 1-3,9,29,36,39,42,46-52,66-69).  All local reactions were found self-limited and did not lead to clinical visits.  

The Cons towards Pneumococcal Vaccine Usage: Statistical and Experimental Data


While PPV and PCV are assumed not to require T cells in antibody induction, some studies have found vaccine failures, especially in the patients with a low CD4+ cell count.  Some reports indicated that T cells are necessary to amplify the antibody response to some TI antigens (28,53).  Other studies asserted that the protection against all serotypes probably entails more than just 23 antibodies because S. pneumoniae has more than 90 serotypes (8,39).  The other negation was related to the possibly aberrant VH3 expression of B cells at postvaccination preventing the PPV and PCV effectiveness (34,45,54).  


Among sixty HIV-seropositive patients and 25 control volunteers that were vaccinated with PneumovaxR, Loeliger et al. discovered that when the number of CD4+ cells were taken into consideration, the percentage of responders was 68% in patients in the low CD4+ group versus 94% in patients in the high CD4+ group (Figure6; 28).  This difference was statistically significant due to P < 0.05.

Investigative Strategies to Determine the Efficacy of the Pneumococcal Vaccines 

Proposed Methodological Approaches

Upon enrollment, participants who are HIV-infected are equally assigned in a computer-based randomization in a double-blind, placebo-controlled clinical trial (Figure 7; 63) what vaccine the subject would receive.  Excluding the patients who had received the vaccine within 5 years, the subjects should be regarded according to the differences in initiated CD4+ counts (≥200 vs. <200 cells/μL), sexes (females vs. males) and ages (children vs. adults).  The interested vaccine series are: PCV-placebo, PPV-placebo, PCV-PPV, PPV-PPV and placebo-placebo (control).  PPV and PCV used are made of the same formulas as currently available (23-valent PPV and 7-valent PCV), and the placebo vaccine is made of a saline-alum phosphate preparation (42).  Each participant is administered by 0.5mL intramuscular injection into the upper arm for adults and into the anterolateral thigh for children (32).
Follow-up Investigation and Analysis Methods


A diary card should be used by every participant in order to record any side-effects, such as body temperature, injection site appearance, loss of appetite, headache and rash (42), in details each day.  The medical terms used in diary records and during clinical conversations must be clearly understand by both investigators and subjects (23).  For example, an international classification of diseases-9-clinical modification (ICD-9-CM) set by the World Health Organization (WHO) several years ago might be used.  ICD-9-CM is designed for the classification and morbidity and mortality information for statistical purposes, for indexing hospital records after treatment procedures, and for data storage and retrieval by a numerical code to the various diseases and all associated conditions (57).  In the assessment of safety from the vaccines, the risk of getting reverse effects can be determined by disease-odds (rate-odds) ratio, the ratio of the odds of getting a side-effect among the exposed compared to the odds of getting the side-effect among the unexposed (57,62).  


For each group, a rate or frequency of becoming pneumococcal-infected per unit size of population of the group within the same time period (57) should be measured in order to compare the effective among different vaccine series.  Since 70% of 100,000 have a different meaning from 70% of 10, the reason of using the rate instead of a percentage is because the rate gives a true picture ratio of a total population observed.  Nevertheless, a graphic presentation calculated through percentages might be performed to ease the comparison and contrast the best vaccine serie regarding effectiveness.   


To enhance comparison between different studied groups in terms of vaccine efficacy and effectiveness, a chi-square test or a two-tailed Fisher’s exact test when appropriate should be applied.  A P value of 0.05 or less is regarded as statistical significance.  Continuous variables between two groups, such as between males and females, can be further compared by the Student t test, and comparisons of continuous variables among more than two groups (i.e. adult males vs. adult females vs. boys vs. girls) are performed by the studentized range test (32,62-64).  Furthermore, the reliability (consistency of the results), validity of tests and diagnosis methods, and random misclassification must be considered (62).  A 5-year follow-up diagnosis and investigation are also suggested.              

In addition for measuring the vaccine effective in term of immunity developed, sera samples may be periodically collected to quantify all specific pneumococcal antibodies by enzyme-linked immunosorbent assay (ELISA).  Cd4+ T-cell counts and plasma HIV-1 RNA levels, and opsonization and phagocytosis can be quantified by a fluorescent activated cell sorting (FACS) cytometer and an Amplicor monitor HIV-1 RNA Kit, respectively (9).  

Future Approaches for a Better Recommendation for Preventing Secondary S. pneumoniae Infections in HIV-seropositive Persons in Brazil and Worldwide

Finally the ultimate way to conclude whether the vaccination is worth is to perform a trial of considerable size for statistical reasons in order to see a clear decrease in the incidence of disease.  Therefore, strong collaboration from community, physicians, and national leadership is necessary (23,59-60).  We can further perform similar investigative studies with the best vaccination series that leads to the highest enhanced-immunity level results along with placebo-control subjects.  The studies of the vaccine efficacy in combination with HAART may also be tested (61).  


AIDS epidemic affects society both monetary and non-monetary costs, and the total cost per AIDS patient is estimated to be $117600 (1).  In conclusion, since Brazil is not a poor country and pneumococcal vaccines offer the most realistic hope so far for inexpensive ($13 for 0.5mL PPV im x1; 6,39), accessible and effective programs, Brazilian officials should continue giving the pneumococcal vaccines to HIV-infected persons in Brazil.  It is premature to assume that enhanced antipneumococcal polysaccharide antibody concentrations in HIV positive patients are automatically leading to enhanced protection.  Antibodies developed from the vaccines should support killing of S. pneumoniae via complement and phagocytes.  Additionally, given that a theoretical cost-benefit analysis in the United States demonstrated the net savings even when vaccination efficiency was only 10% of that in normal subjects and the duration of protection was substantially reduced (8,50,55), the PPV and PCV recommendation should be reserved as one of the preventive strategies in USA and other countries as well. 

References

1. Shaw-Taylor Y, Andrulis DP.  AIDS in the developed world: implications for the provision and financing of care.  AIDS.  1997; 11: 1305-9.

2. Snow B.  Scientific steering committee update from Chicago.  The Community Advisory Board Bull.  2001; 2(3): 1-4.

3. Swartzberg J.  Principles of infectious disease.  School of Public Health, University of California-Berkeley.  2002.

4. Ashraf H.  USA and Brazil end disrupt over essential drugs.  The Lancet.  2001; 357: 2112.

5. Bond LS.  Public information about AIDS in Brazil, the Dominican Replublic, Haiti, and Mexico.  Bull Pan Am Health Organ.  1989; 23(1-2): 86-94.

6. CDC.  USPHS/IDSA Guidelines for the prevention of opportunistic infections in persons infected with human immunodeficiency virus.  MMWR.  2001; 50: 1-68.   

7. Jones N, Huebner R, et al.  The impact of HIV on Streptococcus pneumoniae bacteraemia in a South African population.  AIDS.  1998; 12: 2177-84.

8. Jain A, Jain S, et al.  Should patients positive for HIV infection receive pneumococcal vaccine?  BMJ.  1995; 310: 1060-62.

9. Tasker SA, Wallace MR, et al.  Reimmunization with 23-valent pneumococcal vaccine for patients infected with human immunodeficiency virus type 1: clinical, immunologic, and virologic responses.  Clin Infect Dis.  2002; 34: 813-21.

10. CDC.  Recommendations of the immunization practices advisory committee pneumococcal polysaccharide vaccine.  MMWR.  1989; 38 (5): 64-8, 73-6.   

11. Markowitz N.  Epidemiological relation between HIV and invasive pneumococcal disease.  Ann Intern Med.  2000; 132: 182-90.

12. Hofmann J, Cetron MS, et al.  The continued emergence of drug-resistant Streptococcus pneumoniae in the United States: An update from the CDC’s pneumococcal sentinel surveillance team.  J Infect Dis.  1996; 174: 986-93.

13. Chan CY, Molrine DC, et al.  Pneumococcal conjugate vaccine primes for antibody responses to polysaccharide pneumococcal vaccine after treatment of Hodgkin’s disease.  J Infect Dis.  1996; 173: 256-8.

14. Goldblatt D.  Conjugate vaccines.  Clin Exp Immunol.  2000; 119: 1-3.

15. World Health Organization.  Annual global AIDS statistics.  1997; 252.

16. Daniel H.  We are all people living with AIDS: myths and realities of AIDS in Brazil.  Int J Health Serv.  1991; 21(3): 539-51.

17. Fahik FT, Reichert MC, et al.  Prevention of AIDS and living together with an HIV-infected patient.  Medinfo.  1995; 8(2): 1191.

18. Halperin D.  HIV, STDs, anal sex and AIDS prevention policy in a northeastern Brazilian city.  Intern J of STD & AIDS.  1998; 9: 294-8.

19. Cano MA, Ferriani M das G, et al.  Accumulation of data about adolescence by nurses: period from 1983 to 1996.  Rev Lat Am Enfermagem.  1998; 1: 91-7.

20. Dworkin MS, Ward JW, et al.  Pneumococcal disease among human immunodeficiency virus-infected persons: incidence, risk factors, and impact of vaccination.  HIV/AIDS.  2001; 32: 794-800.

21. Giffin K, Lowndes CM.  Gender, sexuality, and the prevention of sexually transmissible diseases: a Brazilian study of clinical practice.  Soc Sci & Med.  1999; 48: 283-92.

22. Jimenez AL, Gootlieb SD, et al.  Prevention of sexually transmitted diseases among women: association with socioeconomic and demographic variables.  Cadernos de Saude Public.  2001; 17: 1-14.

23. Piot P, Seck AMC.  International response to the HIV/AIDS epidemic: planning for success.  Bull World Health Organ.  2001; 79: 1-13.

24. Yamey G.  US trade action threatens Brazilian AIDS programme.  BMJ.  2001; 322: 383.

25. Immunization Practices Advisory Committee.  Pneumococcal polysaccharide vaccine.  MMWR.  1989; 38: 64-8, 73-6.

26. Pierce AB, Hoy JF.  Is the recommendation for pneumococcal vaccination of HIV patients evidence based?  J of Clin Virology.  2001; 22: 255-61.

27. Hess T.  Pneumococcal vaccination—yes or no?  Schweiz Med Wochenschr.  1998; 128(27-28): 1096-103.

28. Loeliger AE, Rijkers GT, et al.  Deficient antipneumococcal polysaccharide responses in HIV-seropositive patients.  FEMS Imm and Med Microbiol.  1995; 12: 33-42.

29. Huang KL, Ruben FL, et al.  Antibody responses after influenza and pneumococcal immunization in HIV-infected homosexual men.  JAMA.  1987; 257(15): 2047-50.

30. Hibbs JR, Douglas JM, et al.  Prevalence of human immunodeficiency virus infection, mortality rate, and serogroup distribution among patients with pneumococcal bacteremia at Denver general hospital, 1984-1994.  Clin Infect Dis.  1997; 25(2): 195-9.

31. Leggiadro RJ.  The clinical impact of resistance in the management of pneumococcal disease.  Infect Dis Clin North Am.  1997; 11(4): 867-74.

32. King Jr JC, Vink PE, et al.  Comparison of the safety and immunogenicity of a pneumococcal conjugate with a licensed polysaccharide vaccine in human immunodeficiency virus and non-human immunodeficiency virus-infected children.  Pediatr Infect Dis J.  1996; 15(3): 192-6.

33. Kroon FP, van Dissel JT, et al.  Enhanced antibody response to pneumococcal polysaccharide vaccine after prior immunization with conjugate pneumococcal vaccine in HIV-infected adults.  Vaccine.  2001; 19: 886-94.

34. Brichacek B, Swindells S, et al.  Increased plasma human immunodeficiency virus type 1 burden following antigenic challenge with pneumococcal  vaccine.  J Infect Dis.  1996; 174(6): 1191-9.

35. Requejo HI.  Polyvalent pneumococcal polysaccharide vaccines; a review of the literature.  Rev Hosp Clin Fac Med Sao Paulo.  1993; 48(3): 130-8.

36. Schneider RF, Rosen MJ.  Pneumococcal infections in HIV-infected adults.  Semin Respir Infect.  1999; 14(3): 237-42.

37. Valdez H, Purvis S, et al.  Levels of proinflammatory cytokines in plasma after pneumococcal immunization in human immunodeficiency virus type 1-infected patients.  Clin and Diagnos Lab Immun.  1999; 6(3): 427-8.

38. Carson PJ, Schut RL, et al.  Antibody class and subclass responses to pneumococcal polysaccharides following immunization of human immunodeficiency virus-infected patients.  J Infect Dis.  1995; 172(2): 340-5.

39. French N, Nakiyingi J, et al.  23-valent pneumococcal polysaccharide vaccine in HIV-1-infected Uganda adults: double-blind, randomized and placebo controlled trial.  The Lancet.  2000; 355: 2106-11.

40. Breiman RF, Keller DW, et al.  Evaluation of effectiveness of the 23-valent pneumococcal capsular polysaccharide vaccine for HIV-infected patients.  Arch Intern Med.  2000; 160: 2633-8.

41. Keller DW, Breiman RF.  Preventing bacterial respiratory tract infections among persons infected with human immunodeficiency virus.  Clin Infect Dis.  1995; 1: S77-83.

42. Feikin DR, Elie CM, et al.  Randomized trial of the quantitative and functional antibody responses to a 7-valent pneumococcal conjugate vaccine and/or 23-valent polysaccharide vaccine among HIV-infected adults.  Vaccine.  2002; 20: 545-53.

43. Janoff EN, Fasching C, et al.  Responsiveness of human immunodeficiency virus type 1-infected Kenyan women with or without prior pneumococcal disease to pneumococcal vaccine.  J Infect Dis.  1997; 175(4): 975-8. 

44. Jain A, Davis MM.  Clinical review: pediatrics.  BMJ.  2001; 322: 1469-72. 

45. Chang Q, Abadi J, et al.  A pneumococcal capsular polysaccharide vaccine induces a repertoire shift with increased VH3 expression in peripheral B cell from human immunodeficiency virus (HIV)-uninfected but not HIV-infected persons.  J of Infect Dis.  2000; 181: 1313-21.

46. Katzenstein TL, Gerstoft J, et al.  Assessments of plasma HIV RNA and CD4 cell counts after combined pneumovax and tetanus toxoid vaccination: no detectable increase in HIV replication 6 weeks after immunization.  Scand J Infect Dis.  1996; 28(3): 239-41.

47. Keller M, Deveikis A, et al.  Pneumococcal and influenza immunization and human immunodeficiency virus load in children.  Pediatr Infect Dis J.  2000; 19: 613-8.

48. Kroon FP, van Dissel JT, et al.  Antibodies against pneumococcal polysaccharides after vaccination in HIV-infected individuals: 5-year follow-up of antibody concentration.  Vaccine.  2000; 18: 524-30.

49. Kroon FP, van Dissel JT, et al.  Antibody response to influenza, tetanus and pneumococcal vaccines in HIV-seropositive individuals in relation to the number of CD4+ lymphocytes.  AIDS.  1994; 8(4): 469-76.

50. Rose DN, Schechter CB, et al.  Influenza and pneumococcal vaccination of HIV-infected patients: a policy analysis.  Am J Med.  1993; 94(2): 160-8.

51. Sipan CL, Hovell MF, et al.  Regional training in AIDS prevention for health and behavioural science leaders in north-eastern Brazil.  AIDS Care.  1996; 8(1): 71-84.

52. Talesnik E, Vial PA, et al.  Time course of antibody response to tetanus toxoid and pneumococcal capsular polysaccharides in patients infected with HIV.  J Acquir Immune Dific Syndr Hum Retrovirol.  1998; 19(5): 471-7.

53. Schutze GE, Tucker NC, et al.  Failure of the conjugate pneumococcal vaccine to prevent recurrent bacteremia in a child with human immunodeficiency virus disease.  The Pediatr Infect Dis J.  2001; 20(10): 1009-10.

54. Abadi J, Friedman J, et al.  Human antibodies elicited by a pneumococcal vaccine express idiotypic determinants indicative of V(H)3 gene segment usage.  J Infect Dis.  1998; 178(3): 707-16.

55. Marra CA, Patrick DM, et al.  A cost-effectiveness analysis of pneumococcal vaccination in street-involved, HIV-infected patients.  Can J Public Health.  2000; 91(5): 334-9.

56. Glaser JB, Volpe S, et al.  Zidovudine improves response to pneumococcal vaccine among persons with AIDS and AIDS-related complex.  J Infect Dis.  1991; 164(4): 761-4.  

57. Timmreck TC.  1994.  An introduction to epidemiology.  Jones and Bartlett Publishers, Boston.

58. Beloqui J, Chokevivat V, et al.  HIV vaccine research and human rights: examples from three countries planning efficacy trials.  Health Hum Rights.  1998; 3(1): 38-58.

59. Bergenstrom A, Sherr L.  A review of HIV testing policies and procedures for pregnant women in public maternity units of Porto Alegre, Rio Grande do Sul, Brazil.  AIDS Care.  2000; 12(2): 177-86. Beloqui J, Chokevivat V, et al.  HIV vaccine research and human rights: examples from three countries planning efficacy trials.  Health Hum Rights.  1998; 3(1): 38-58.

60. Bergenstrom A, Sherr L.  A review of HIV testing policies and procedures for pregnant women in public maternity units of Porto Alegre, Rio Grande do Sul, Brazil.  AIDS Care.  2000; 12(2): 177-86.

61. Montaner JS, Phillips P, et al.  Adherence to guidelines for the prevention of HIV-related respiratory diseases.  Eur Respir J.  1996; 9(11): 2318-22.

62. Giesecke J.  2002.  Modern infectious disease epidemiology.  2nd ed; Hodder Headling Group, London.

63. Torrence ME.  1997.  Understanding epidemiology.  Mosby Inc., St. Louis MI.

64. Roht LH, Selwyn BJ, et al.  1982.  Principles of epidemiology: a self-teaching guide.  Academic Press Inc., San Diego CA.

65. Andre RS, Schechter M, et al.  Willingness to participate in HIV vaccine trials among men who have sex with men in Rio de Janeiro, Brazil.  JAIDS.  2000; 25: 459-63.

66. Fine MF, Smith MA, et al.  Efficacy of pneumococcal vaccination in adults: a meta-analysis of randomized controlled trial.  Arch Intern Med.  1994; 154: 2666-77.

67. Rodriguez-Barradas MC, Mushar DM, et al.  Antibody to capsular polysaccharides of S. pneumoniae after vaccination of HIV-infected subjects with 23-valent pneumococcal vaccine.  J Infect Dis.  1992; 165: 553-6.

68. Klein JO, Kilpi T.  2001.  Efficacy and safety of the pneumococcal vaccine in infants and children.  MedPro Communications Inc., Texas.

69. Whitney CG.  Vaccination against pneumococcal disease: current questions and future opportunities.  BMC News and Views.  2000; 1: 7.

Figure 1: Assessment of HIV knowledge among all participants (65).

	Questions
	True
	False

	
	No. (%)
	No. (%)

	Well informed about HIV/AIDS
	378 (46.4)
	437 (53.6)

	While participating in a HIV vaccine trial, participants do not need to practice safe sex
	20 (2.5)
	794 (97.4)

	HIV can be transmitted by blood
	804 (98.6)
	11 (1.4)

	HIV can be transmitted by sperm
	804 (98.7)
	9 (1.1)

	The greater the number of partners, the greater will be the chance of acquiring HIV
	723 (88.7)
	90 (11.0)

	HIV can be transmitted by sharing contaminated needles during injecting drug use
	808 (99.1)
	4 (0.4)

	HIV can be transmitted by both blood and blood components (transfusion)
	789 (96.8)
	25 (3.1)

	Only homosexual men can acquire HIV infection
	11 (1.3)
	803 (98.5)

	An HIIV-positive individual can appear otherwise healthy
	786 (96.4)
	29 (3.6)

	An HIV-positive mother can infect her baby
	801 (98.3)
	13 (1.6)

	A woman can transmit HIV infection to a man
	797 (97.8)
	17 (2.0)


Figure 2: Prophylaxis to prevent first episode of pneumococcal disease in adults and adolescents infected with HIV (6). 

	Pathogen
	Preventive Regimens

	
	Indication
	First Choice
	Alternatives

	Streptococcus pneumoniae1
	CD4+ count ≥200 cells/μL 
	23-valent polysaccharide vaccine, 0.5mL im (BII)
	None


NOTES: Information included in these guidelines might not represent Food and Drug Administration (FDA) approval for the particular products or indication in question.  Letter and Roman numeral in parentheses after regimen indicate the strength of the recommendation and the quality of evidence supporting it.

ABBREVIATIONS: im = intramuscular, B = moderate evidence for efficacy – or strong evidence for efficacy but only limited clinical benefit – supports recommendation for use.  Should generally be offered.  II = evidence from at least one well-designed clinical trial without randomization, from cohort or case-controlled analytic studies (preferably from more than one center), or from multiple time-series studies.  Or dramatic results from uncontrolled experiments.
1Vaccination may be offered to persons who have a CD4+ T-lymphocyte count <200 cells/μL, although the efficacy is likely to be diminished.  Revaccination 5 years after the first dose or sooner if the initial immunization was given when the CD4+ count was <200 cells/μL and the CD4+ count has increased to >200 cells/μL on HAART is considered optional.  Some authorities are concerned that immunizations might stimulate the replication of HIV.    
Figure 3: Proportion of HIV-1-infected patients with a ≥2-fold increase in capsule-specific IgG 6 weeks after receiving 23-valent PPV (9). 

	Serotype
	Percentage of patients, by HIV-1 and vaccination status

	
	Infection for >5 years
	Recent seroconverstion, received first vaccination (n = 14)

	
	Reimmunized 

(n = 56)
	Received placeboa (n = 29)
	

	Type 4
	42
	3
	64

	Type 6B
	16b
	0
	64

	Type 9V
	41b
	0
	93

	Type 14
	45b
	3
	79

	≥1 of 4 types
	73
	7
	93

	≥2 of 4 types
	45b
	0
	93


NOTE: A fold increase was defined as the levels of capsule-specific IgG divided by levels at 6 weeks after patients had received pneumococcal vaccine or placebo.

aAll values for reimmunized patients and for persons with recent HIV-1 seroconversion are greater than those for placebo recipients (P < .05).

bProportions of reimmunized patients minus that of persons with recent HIV-s seroconverssion (P ≤ .02).

Figure 4: PPV efficacy in multivariable analysis (40).

	Variable
	Vaccine Efficacy (95% Confidence Interval)
	P

	Adjusted for all variables (with no interaction  term)*
	49 (12 to 70)
	.02

	White
	76 (35 to 91)
	.06†

	Black
	24 (-50 to 61)
	

	CD4 cell count, x109/L
	.96†

	≥0.20
	54 (-19 to 82)
	

	0.10-0.199
	50 (-63 to 85)
	

	<0.10
	45 (-19 to 74)
	

	Smokers
	52 (-28 to 82)
	.74†

	Nonsmokers
	60 (-41 to 89)
	

	Close contact with child <10 years old
	74 (30 to 90)
	.10†

	No close contact
	30 (-34 to 63)
	


*Adjusted for race, CD4 cell count, smoking, and close contact with a child younger than 10 years.

†P values for difference in vaccine efficacy by group.
Figure 5: Results of 5-day side effects diary kept by study subjects after each vaccinea (42).

	Side Effect
	Conjugate-Conjugate
	Conjugate-Polysaccharide
	Placebo-Polysaccharide
	Placebo-Placebo

	Dose 1

	Temperature >100.5°F
	0/17
	0/19
	0/17
	0/20

	Redness ≥1 cm
	3/10 (5)
	3/15 (5)
	0/11
	1/12 (2)

	Soreness ≥ moderate severity
	6/15 (3)
	5/18 (3)
	0/16
	1/15 (1)

	Limitation of arm movement ≥ moderate
	4/15 (3)b
	4/18 (2)b
	0/16
	0/15

	Dose 2

	Temperature >100.5°F
	2/13
	0/17
	0/19
	1/17

	Redness ≥1 cm
	2/10 (2)
	2/11 (1)
	2/13 (1)
	0/10

	Soreness ≥ moderate severity
	3/13 (3)
	7/17 (3)
	1/18 (1)
	0/15

	Limitation of arm movement ≥ moderate
	2/13 (2)
	4/17 (4)
	0/18b
	0/15

	Dose 3 

	Temperature >100.5°F
	0/14
	-
	-
	1/18 (1)

	Redness ≥1 cm
	2/6 (5)
	-
	-
	1/10 (2)

	Soreness ≥ moderate severity
	3/14 (2)
	-
	-
	4/15 (4)

	Limitation of arm movement ≥ moderate
	2/13 (2)
	-
	-
	0/15b


aFor each side effect, the number of those study subjects experiencing the side effect is shown over the total number of subjects who reported for the indicated side effect.  The denominators vary because the number of subjects who filled out the side effects diary varied by side effect and dose of vaccine.  Positive responses include those that occurred on any day during the 5-day period.  Numbers in parentheses indicate the maximum number of days the side effect lasted in any individual.

bP = 0.005 Fisher’s exact test, single dose of conjugate (8/33) compared with single dose of polysaccharide (0/33).
Figure 6: Serological responders and non-responders after vaccination with PneumovaxR (28).  The antibody response was measured against a mixture of capsular polysaccharide antigens of S. pneumoniae (pool A) and against type 3 and type 4 specific antigens (PS3 and PS4, B and C, respectively).
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Figure 7: A flow diagram of epidemiological study (63).

[image: image2.jpg]THE EPIDEMIOLOGIC STUDY

Controlled assignment Uncontrolled assignment
(not randomized)

Experimental studies Observational studies

Sampling with regard

Not randomized  Randomized  Sampling with regard s,

assignment assignment to disease or effect S
\ characteristic, or cause
Cross-sectional
Community Clinical and/or Prospective
frials trials refrospective studies
studies
Exposure or History of exposure
characteristic at or characteristic

fime of study (prior to time of study)

Cross-sectional studies Retrospective studies






