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Responsiveness of Human Immunodeficiency Virus Type 1–Infected Kenyan
Women with or without Prior Pneumococcal Disease to Pneumococcal Vaccine
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In East Africa, Streptococcus pneumoniae is a common and serious, but potentially preventable,
human immunodeficiency virus type 1 (HIV-1)–associated pathogen. For 54 HIV-1–infected
women, baseline levels of capsule-specific antibody to 2 of 4 pneumococcal serotypes were lower
than levels in 15 seronegative women (P õ .05). After immunization, specific antibody to all 4
serotypes increased in HIV-1–infected and –uninfected women (P õ .05). Convalescent levels for
2 of 4 serotypes were greater in seronegative women, but the levels were not different between HIV-
1–infected women with (n Å 21) or without (n Å 33) prior invasive pneumococcal disease. The
baseline functional activity to kill S. pneumoniae type 14 was lower in HIV-1–infected than
–uninfected women but also rose significantly in all groups after immunization. It is concluded that
HIV-1 infection in Kenyan women is associated with decreased levels of natural antibody to selected
pneumococcal capsular serotypes, but the vaccine is immunogenic in these patients who are at high
risk of invasive pneumococcal disease.

The infections that complicate human immunodeficiency vi- Kenya, including infected women who had recovered from
invasive S. pneumoniae infection.rus type-1 (HIV-1) disease in Africa are quite different than

those in the United States and Europe. Streptococcus pneumo-
niae infection rather than Pneumocystis infection is prominent,

Methods
as are Salmonella infections other than those due to S. typhi,
tuberculosis, and herpes zoster [1, 2]. In Kenya, invasive pneu- Study population. We investigated women from a homoge-

neous, prospectively monitored population of poor commercial sexmococcal disease affects 4% of HIV-1–infected women per
workers living in the same lower-class suburb in Nairobi [2, 5].year (compared with 1% in the US) and has a recurrence rate
Three groups were examined: 15 HIV-1–seronegative women,of 26% [2, 3]. Thus, the number of cases of pneumococcal
33 HIV-1–infected women without known prior pneumococcaldisease in HIV-1–infected persons in Africa is far greater than
disease, and 21 HIV-1–infected women who had recovered from

that in industrialized nations. When a disease is so prevalent
invasive pneumococcal disease [2]. Pneumococcal disease was

and resources are few, as in Africa, preventative measures, defined as radiographically confirmed pneumonia or sinusitis, pri-
particularly immunization, are likely to be cost-effective. Be- mary bacteremia, or otitis media, each in association with a credi-
cause the polysaccharide capsule of S. pneumoniae is its pri- ble clinical syndrome and positive culture for S. pneumoniae. None
mary virulence factor and because antibodies to the capsule of the women who were considered to be free from pneumococcal
are the primary mechanism of defense against this organism disease had had symptoms or signs of or therapy for pneumococcal

disease within the preceding 2.8 years of observation. Of the[4], we measured levels of capsule-specific IgG in baseline
women with invasive pneumococcal disease, 10 were bacteremicsera and in response to pneumococcal polysaccharide capsule
and 7 had had several episodes. The mean time free from invasivevaccine in HIV-1–seronegative and –infected women in
disease until immunization was 10.3 months (range, 2–25). Sera
were drawn prior to and 1 month after immunization with pneumo-
coccal vaccine (PNU-immune 23; Lederle [American Cyanamid],
Pearl River, NY) containing 25 mg each of 23 capsular polysaccha-
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Study participants gave written informed consent approved by the Kenyan Capsule-specific IgG by ELISA. Levels of pneumococcal cap-
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noncapsular immunoglobulin, and 6 serial dilutions were tested in women without known prior infection. In contrast, baseline
in triplicate. Horseradish peroxidase–labeled affinity-purified goat levels of capsule-specific IgG were lower for 2 of 4 common
anti-human IgG served as the detector antibody. Standard (CDC/ serotypes (14 and 19F) among these 2 groups of HIV-1–in-
FDA 89SF) and control sera were included on each plate. The fected women compared with those in seronegative women
coefficient of variation was õ12% for all serotypes. (P õ .05; table 1).

S. pneumoniae killing assay. In a modification of previous
Response to vaccine. One month after immunization, levels

methods [7–10], a fixed bacterial inoculum of S. pneumoniae type
of capsule-specific IgG in serum increased significantly in each14 (103; ATCC 6314) was incubated in microwells with serial 1:2
group for all serotypes (P õ .05; table 1). However, thesedilutions of heat-inactivated human sera (567C for 30 min.), 0.2
levels were greater for 3 of 4 serotypes (1, 6B, and 14) in themg of complement (Baby Rabbit; Cedarlane Laboratories, Hornby,
seronegative group than they were in either of the HIV-1–Canada), and 4 1 105 phagocytic cells, HL-60, a myelomonocytic

cell line, differentiated to a granulocyte line using dimethylfor- infected groups (P õ .05). Despite significant differences in
mamide (120 mM) [11], yielding a granulocyte effector–to–bacte- CD4 T cell counts between HIV-1–infected patients with and
rial target ratio of 400:1. After rotation at 377 for 60 min, samples without prior pneumococcal disease, levels of specific IgG were
were plated and incubated on blood agar plates. Results are re- similar after immunization for each serotype.
ported as end-point titers showing 50% of the organisms killed, Serum killing activity. The functional activity of serum an-
compared with the number of organisms after incubation with fetal tibodies to kill the organism in vitro correlated with levels of
calf serum, complement, and effector cells. The mean percent kill

capsule-specific IgG measured by ELISA for 1 representative
of control sera was 70% { 6% over 15 runs.

capsular type tested, type 14 (R2 Å .51, P õ .02; figure 1A).Statistics. Differences in levels of capsule-specific IgG and
Preimmunization levels were significantly lower in both HIV-killing activity in serum were compared among clinical groups by
1–infected groups compared with levels in the seronegativeanalysis of variance (for 3 groups) and unpaired two-tailed t test
group. Similar to results by ELISA, all groups showed a sig-(2-group comparisons) and within individual groups (acute vs.

convalescent) by paired two-tailed t test, using the Stat-View 4.01 nificant rise from baseline values in killing activity after immu-
statistical package (Abacus Concepts, Berkeley, CA). Fold rises nization (P õ .001; figure 1B), but postimmunization levels
were determined by dividing each subject’s postimmunization lev- were lower in those who had recovered from a pneumococcal
els by their preimmunization levels. disease (P õ .03).

Results Discussion

Pneumococcal disease commonly complicates HIV-1 infec-CD4 cell counts and baseline levels of pneumococcal cap-
sule-specific IgG. At the time of immunization, the mean tion in persons in East Africa and worldwide [2, 12]. Recom-

mendations for use of pneumococcal vaccine in this compro-({ SE) CD4 T cell count in HIV-1–seronegative women was
929 { 68 cells/mL; in the HIV-1–infected women without mised population [13, 14] are predicated on the assumptions

that low levels of antibody specific for the common capsularknown prior pneumococcal disease, it was 330 { 37 cells/mL,
and in those with prior pneumococcal infection it was 189 { serotypes predispose to infection and that the vaccine elicits

significant increases in these antibodies. We have demonstrated37 cells/mL. Despite the lower number of CD4 T cells in the
HIV-1–infected patients with previous pneumococcal disease, that HIV-1 infection in Kenyan women is associated with de-

creased levels of natural antibody to selected pneumococcalbaseline levels of capsule-specific IgG were similar to those

Table 1. IgG-specific response to pneumococcal capsular polysaccharides in HIV-1–infected and –seronegative women, Nairobi, Kenya,
1989–1992.

HIV-1–infected persons after pneumococcal
HIV-1–seronegative controls (n Å 15) HIV-1–infected controls (n Å 33) disease (n Å 21)

Before After Before After Before After
Capsular type immunization immunization Fold rise immunization immunization Fold rise immunization immunization Fold rise

Type 1 4.1 19.9 4.4 (73) 2.9 10.0 3.7 (67) 3.5 6.3* 2.8 (52)
Type 6B 16.1 47.1 2.7 (73) 13.1 22.3* 2.0 (52) 9.8 23.8* 2.0 (67)
Type 14 11.8 48.3 4.9 (80) 4.2* 28.4* 7.0 (79) 2.4* 18.2* 4.2 (71)
Type 19F 13.7 29.4 2.3 (67) 6.5* 22.6 2.9 (70) 8.6 17.9 2.7 (62)

NOTE. Before and after responses are in mg/mL; fold rise responses are median (% § 2).
For each serotype in each group, capsule-specific IgG levels increased significantly 1 month after immunization compared with preimmunization levels (P õ

.05; paired t test).
* P õ .05 compared with HIV-1–seronegative control subjects.
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Figure 1. A, Relationship between levels of sero-
type 14 capsule-specific IgG by ELISA and functional
activity of sera to kill organism in vitro in presence
of standard source of complement and phagocytic
cells. Sera were obtained from 54 HIV-1–infected
patients and 15 seronegative control subjects prior to
and 1 month after immunization with 23-valent pneu-
mococcal vaccine. B, Killing activity of sera from
HIV-1–seronegative control subjects (n Å 15), HIV-
1–infected patients who had (n Å 21) and had not
(n Å 33) previously had pneumococcal disease. Re-
sults are reciprocal titer (inverse of maximum log2

dilution) of heat-activated sera that gave ú50% kill
in presence of standard source of complement and
phagocytic cells. *Põ .001 compared with preimmu-
nization level; †Põ .03 compared with corresponding
values in HIV-1–seronegative subjects.

capsular serotypes. The serotypes tested were those commonly prior S. pneumoniae disease, whose risk of recurrent disease is
quite high (26% in this population) [2, 3]. Recurrences are mostcausing disease in Kenya [2]. Other factors likely also contrib-

ute to the increased risk of S. pneumoniae disease among these often due to different serotypes, and these patients generate a sig-
nificant response to immunization that is similar to that of HIV-HIV-1–infected patients. In this regard, we have recently

shown that levels of antibody to pneumolysin, the major pneu- 1–infected women without known prior disease. Determining the
duration of these responses will help to establish the vaccine’smococcal toxin associated with tissue invasion and the develop-

ment of bacteremia, are also depressed during HIV-1 infection clinical benefit. Indeed, the critical issue remains whether the vac-
cine is effective (and cost-effective) in HIV-1–infected patients, a[15]. Moreover, defects in mucosal defense, phagocytic cell

function, and complement activation, all of which are required population at increased risk of invasive pneumococcal disease, in
East Africa and worldwide.for protection against the organism, may also be impaired [12].

Regardless of other host defense mechanisms, antibodies to the
bacteria’s polysaccharide capsule are considered the principal
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