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Abstract: Objectives To compare the antibody response to a licenced polysaccharide and
glycoconjugate vaccine against encapsulated bacteria in HIV-infected and HIV-
uninfected adults in the UK.
Design Prospective cohort study.
Setting UK teaching hospital.
Participants 211 HIV-infected adults and 73 HIV-uninfected adults. Entry criteria: over
18 years of age. Exclusion criteria: previous pneumococcal, Hib or MenC vaccination.
Interventions Vaccination with a 23-valent pneumococcal polysaccharide vaccine
(PPV) and Haemophilus influenzae b/meningococcal C polysaccharide-tetanus toxoid
conjugate vaccine (Hib/MenC-TT). ISRCTN registry (www.isrctn.com),
ISRCTN95588307.
Main outcome measures Concentration of IgG antibody responses to 12
pneumococcal, Hib and MenC polysaccharides and percentages of participants
protected post-vaccination in HIV-infected participants compared with HIV-uninfected
participants.
Results Median IgG responses to Hib/MenC-TT were not significantly different between
HIV-infected (3.74 and 2.88 g/ml) and HIV-uninfected groups (4.85 and 4.56 g/ml).
PPV induced median IgGs above a 1.3 g/ml threshold for 10/12 serotypes among HIV-
uninfected, and 5/12 in HIV-infected participants. HIV-uninfected adults had higher
median post-vaccination IgGs than HIV-infected for serotypes 1, 7F, 18C and 23F
(p<0.001). Median antibody levels to TT increased three-fold post-vaccination.
Diphtheria toxoid antibody levels in HIV-infected subjects remained low. There was a
lack of significant association between vaccine responses and CD4 count or viral
suppression.
Conclusions In a UK adult HIV-infected population, Hib/MenC-TT induced similar IgG
responses to HIV-uninfected adults, while PPV induced comparatively poor responses.
Lack of association with CD4 count or viral load supports early immunization. Further
studies are required to guide vaccination policy in HIV-infected patients.
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Abstract 1 

Objectives To compare the antibody response to a licenced polysaccharide and glycoconjugate 2 

vaccine against encapsulated bacteria in HIV-infected and HIV-uninfected adults in the UK. 3 

Design Prospective cohort study. 4 

Setting UK teaching hospital. 5 

Participants 211 HIV-infected adults and 73 HIV-uninfected adults. Entry criteria: over 18 years of 6 

age. Exclusion criteria: previous pneumococcal, Hib or MenC vaccination. 7 

Interventions Vaccination with a 23-valent pneumococcal polysaccharide vaccine (PPV) and 8 

Haemophilus influenzae b/meningococcal C polysaccharide-tetanus toxoid conjugate vaccine 9 

(Hib/MenC-TT). ISRCTN registry (www.isrctn.com), ISRCTN95588307. 10 

Main outcome measures Concentration of IgG antibody responses to 12 pneumococcal, Hib and 11 

MenC polysaccharides and percentages of participants protected post-vaccination in HIV-infected 12 

participants compared with HIV-uninfected participants. 13 

Results Median IgG responses to Hib/MenC-TT were not significantly different between HIV-14 

infected (3.74 and 2.88 g/ml) and HIV-uninfected groups (4.85 and 4.56 g/ml). PPV induced 15 

median IgGs above a 1.3 g/ml threshold for 10/12 serotypes among HIV-uninfected, and 5/12 in 16 

HIV-infected participants. HIV-uninfected adults had higher median post-vaccination IgGs than 17 

HIV-infected for serotypes 1, 7F, 18C and 23F (p<0.001). Median antibody levels to TT increased 18 

three-fold post-vaccination. Diphtheria toxoid antibody levels in HIV-infected subjects remained 19 

low. There was a lack of significant association between vaccine responses and CD4 count or viral 20 

suppression. 21 

Conclusions In a UK adult HIV-infected population, Hib/MenC-TT induced similar IgG responses 22 

to HIV-uninfected adults, while PPV induced comparatively poor responses. Lack of association 23 

with CD4 count or viral load supports early immunization. Further studies are required to guide 24 

vaccination policy in HIV-infected patients. 25 
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Abstract 48 

Objectives To compare the antibody response to a licenced polysaccharide and glycoconjugate 49 

vaccine against encapsulated bacteria in HIV-infected and HIV-uninfected adults in the UK. 50 

Design Prospective cohort study. 51 

Setting UK teaching hospital. 52 

Participants 211 HIV-infected adults and 73 HIV-uninfected adults. Entry criteria: over 18 years of 53 

age. Exclusion criteria: previous pneumococcal, Hib or MenC vaccination. 54 

Interventions Vaccination with a 23-valent pneumococcal polysaccharide vaccine (PPV) and 55 

Haemophilus influenzae b/meningococcal C polysaccharide-tetanus toxoid conjugate vaccine 56 

(Hib/MenC-TT). ISRCTN registry (www.isrctn.com), ISRCTN95588307. 57 

Main outcome measures Concentration of IgG antibody responses to 12 pneumococcal, Hib and 58 

MenC polysaccharides and percentages of participants protected post-vaccination in HIV-infected 59 

participants compared with HIV-uninfected participants. 60 

Results Median IgG responses to Hib/MenC-TT were not significantly different between HIV-61 

infected (3.74 and 2.88 g/ml) and HIV-uninfected groups (4.85 and 4.56 g/ml). PPV induced 62 

median IgGs above a 1.3 g/ml threshold for 10/12 serotypes among HIV-uninfected, and 5/12 in 63 

HIV-infected participants. HIV-uninfected adults had higher median post-vaccination IgGs than 64 

HIV-infected for serotypes 1, 7F, 18C and 23F (p<0.001). Median antibody levels to TT increased 65 

three-fold post-vaccination. Diphtheria toxoid antibody levels in HIV-infected subjects remained 66 

low. There was a lack of significant association between vaccine responses and CD4 count or viral 67 

suppression. 68 

Conclusions In a UK adult HIV-infected population, Hib/MenC-TT induced similar IgG responses 69 

to HIV-uninfected adults, while PPV induced comparatively poor responses. Lack of association 70 

with CD4 count or viral load supports early immunization. Further studies are required to guide 71 

vaccination policy in HIV-infected patients. 72 

Key words HIV; vaccines; bacteria; pneumococcus; Haemophilus influenzae b; meningococcus  73 
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Introduction 74 

There is an increased risk of disease and death due to vaccine-preventable infections among HIV-75 

infected individuals compared with the general population. Incidence and mortality from bacterial 76 

pneumonia are both greatly increased among HIV-infected subjects and inversely correlate with 77 

CD4 count.1 Pneumococcus and Haemophilus influenzae are most commonly isolated.1 HIV-78 

infected subjects are also at increased risk of invasive disease from these pathogens, despite a fall in 79 

incidence with use of highly-active antiretroviral therapy (HAART)2 and implementation of 80 

childhood vaccination against pneumococcus.3 HIV-infected individuals are also at a higher risk of 81 

meningococcal disease than those living without HIV.4 82 

 83 

Multiple observational studies have shown that 23-valent polysaccharide pneumococcal vaccine 84 

(PPV, Pneumovax®) protects against all-cause pneumonia5,6 and pneumococcal disease7-9 in HIV-85 

infected individuals. Where this has been examined in relation to CD4 count, findings vary with 86 

some studies indicating a benefit at all CD4 counts9 while others detect a benefit only with CD4 87 

counts above a certain threshold.8 The only randomized placebo-controlled trial of PPV in HIV-88 

infected subjects was conducted in Uganda and found an increase in all-cause pneumonia in the 89 

vaccine arm.10 90 

 91 

The British HIV Association (BHIVA) national guidelines recommend a decreased threshold for 92 

offering HIV-infected subjects vaccination.11 However, the basis for many of these guidelines is 93 

empirical, owing to the lack of controlled studies investigating the impact of vaccination in HIV-94 

infected subjects. BHIVA recommends PPV for all HIV-infected adults and Haemophilus 95 

influenzae b (Hib) and meningococcal vaccines may be considered when HIV-infected adults are 96 

scheduled to receive other vaccines. The guidelines acknowledge patients may have reduced 97 

response to vaccination and that higher doses may be required. Also, the duration of responses may 98 

be shortened requiring booster doses. Patients attending the University Hospital Birmingham adult 99 



Page 5 of 22 

 

HIV outpatient clinic are routinely offered Hepatitis B and annual influenza vaccinations. From 100 

September 2009, patients were offered PPV and a combined Haemophilus influenzae b and 101 

meningococcal C polysaccharide-tetanus toxoid glycoconjugate vaccine (Hib/MenC-TT, 102 

Menitorix®). 103 

 104 

To better understand the effect of HIV infection on responses to these vaccines, vaccine-specific 105 

antibodies were measured before and after immunization, and compared with those in a cohort of 106 

HIV-uninfected adults.  107 
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Methods 108 

Study design 109 

The study was conducted at the University Hospitals Birmingham NHS Foundation Trust (UHBFT). 110 

HIV-infected patients commence HAART in accordance with national guidelines. At the time of the 111 

study, HAART most commonly consisted of a non-nucleoside reverse transcriptase inhibitor 112 

backbone of tenofovir and emtricitabine, with efavirenz as third agent. The study was part of a 113 

larger ongoing study, the AIR Study (Assessment of Immune Responses to Routine Immunisations 114 

in HIV-infected Adults, ISRCTN95588307) which began in September 2009, with HIV-infected 115 

adults offered enrolment and immunization with BHIVA-recommended vaccines, and serum 116 

antibody responses monitored before and four to six weeks after immunization. Clinic attendees 117 

declining the study are also offered the vaccinations. To reduce bias among the HIV-infected and -118 

uninfected participant groups, HIV-uninfected participants were enrolled from UHBFT 119 

genitourinary medicine clinic attendees testing negative for HIV infection. 120 

 121 

The study was conducted between September 2009 and December 2010, with AIR Study 122 

participants offered PPV (Merck, one 0.5 ml dose) and Hib/MenC-TT (GlaxoSmithKline, one 0.5 123 

ml dose) vaccines at the same time. Inclusion criteria were consented AIR Study participants, 124 

proven HIV infection or absence of HIV infection (for control group) and age over 18 years. 125 

Individuals who had previously been vaccinated with pneumococcal, MenC or Hib vaccines were 126 

excluded. Demographic data, including age, sex and ethnic group, were collected.  127 

 128 

Investigations 129 

HIV antibody testing (Abbott) and HIV-1 viral load measurement (Abbott) were performed. 130 

Participants were venesected for IgG screening before vaccination and four to six weeks post-131 

vaccination. IgG antibody levels to 19 vaccine antigens: 12 PnPS (serotypes 1, 3, 4, 5, 6B, 7F, 9V, 132 

14, 18C, 19A, 19F and 23F), four Men PS (serogroups A, C, W and Y), Hib PS, tetanus toxoid (TT) 133 
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and diphtheria toxoid (DT), were measured in serum using a 19-plex fluorescence microbead assay 134 

[12]. The recommended post-vaccination threshold for protective IgG antibody levels against Hib 135 

and Men C are 1.0 and 2.0 µg/ml respectively,12 while two levels have been proposed for Pn 136 

serotypes: 1.3 µg/ml by the American Association of Asthma Allergy and Immunology (AAAAI) 137 

for the prevention of colonization and infection,13,14 and 0.35 µg/ml by the WHO, used primarily as 138 

the correlate of protection for assessment of vaccine responses in infants.15 Unless otherwise stated, 139 

1.3 µg/ml was used as the threshold level. For tetanus and diphtheria, long-term protective levels 140 

are 0.1 IU/ml.12 CD4 counting was performed by TruCount assay (Becton Dickinson). HIV-infected 141 

participants were stratified into four groups by CD4 count, <350, 350-490, 500-690 and ≥700 142 

cells/µl. 143 

 144 

Statistical Analysis 145 

IgG antibody levels were initially treated as continuous variables, and compared across HIV status, 146 

use of HAART, as well as categories of CD4 count and viral load. Due to the level of skew in the 147 

IgG antibody levels, and truncated of some levels by the limits of measurement of the assay, a non-148 

parametric analytical approach was employed. Comparisons between groups were performed using 149 

Mann-Whitney and Kruskal-Wallis tests, as appropriate, with the data summarized using medians 150 

and quartiles. The data were also analyzed treating the IgG antibody levels as a binary variable, 151 

specifying whether patients were above stated thresholds for each antigen, with comparisons across 152 

groups made using Fisher’s exact test. 153 

 154 

For both versions of the dependent variable, three sets of comparisons were made: pre-and post-155 

vaccine IgG antibody levels, fold change in IgG levels and proportion of previously unprotected 156 

patients reaching threshold IgG levels post-vaccination. Since for each set of analyses, 19 antigens 157 

were considered, the effect of multiple comparisons on the type one error rate needed to be 158 

accounted for. Therefore, the critical p-value was Bonferroni-corrected for 57 comparisons (19 159 
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antigens by 3 outcomes). Hence p<0.0009 was considered significant throughout. All analyses were 160 

performed using IBM SPSS 19, with graphics produced using Graph-Pad Prism. 161 

 162 

Ethical Approval 163 

The study was approved by the North Staffordshire Research Ethics Committee of the National 164 

Research Ethics Service, REC reference 09/H1204/53. All participants gave informed written 165 

consent before taking part.  166 
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Results 167 

Patient Population 168 

Of 263 HIV-infected and 119 HIV-uninfected individuals enrolled into the AIR study, respectively 169 

211 and 73 received PPV and Hib/MenC-TT at the same time, completed post-vaccination follow-170 

up and were included in the analysis (S Fig. 1). No vaccine-related serious adverse events were 171 

reported following immunization. Ineligibility to receive PPV owing to prior vaccination was 172 

common in the HIV-infected group, while declining PPV led to a loss of subjects from the control 173 

group. Median age (35 and 40, p=0.10) and gender ratio (55% and 64% male, p=0.16) were similar 174 

between both groups (S Table 1). Among the HIV-infected subjects, 83% (176) were receiving 175 

HAART and 73% (128) of these had VL<50 copies/ml. Median CD4 count was 500 cells/µl (inter-176 

quartile range, IQR 350-630 cells/µl) and stratification by CD4 count gave four subgroups of 177 

around 50 subjects. For the 62 HIV-infected participants with detectable viral load (>50 copies/ml), 178 

the median was 5,060 copies/ml (IQR 482-51,933 copies/ml). There was a small amount of missing 179 

data, namely 10 MenY measurements and one MenA and Pn1 measurement, in the HIV-negative 180 

group. These values were excluded from their respective analyses, with all available data included 181 

in the other analyses. 182 

 183 

Low prevaccination specific antibody levels, particularly among HIV-infected participants 184 

Median specific IgG levels in HIV-infected and HIV-uninfected groups against the 19 bacterial 185 

target antigens were below their respective thresholds, except for TT in both groups and PnPS 14 in 186 

the HIV-infected group (Table 1 and 2, Fig. 1). Levels were significantly lower in the HIV-infected 187 

group compared with the HIV-uninfected group for Hib, MenC, TT, DT and PnPS 7F (p<0.001 for 188 

all comparisons). There was no statistically-significant difference for the other eleven PnPS tested. 189 

 190 

 191 

 192 
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Equivalent response to Hib/MenC-TT among HIV-infected and HIV-uninfected individuals 193 

Both HIV-infected and HIV-uninfected subjects mounted IgG antibody responses to the Hib/MenC 194 

conjugate vaccine with median fold increases of 9.28 and 34.08, and 5.70 and 13.22 respectively. 195 

Median post-vaccination IgG antibody levels for the HIV-infected group (3.74 and 2.88) were not 196 

statistically different from those for the HIV-uninfected group (4.85 and 4.56) (Table 1). Threshold 197 

antibody levels against Hib and MenC were achieved in 68% (108/160) and 56% (106/188) of HIV-198 

infected, and 77% (30/39) and 65% (37/57) of HIV-uninfected subjects with levels previously-199 

below the threshold (Table 3). 200 

 201 

Poor response to PPV among HIV-infected individuals 202 

Vaccination with PPV induced a median four-fold or greater increase in IgG antibody levels for 203 

four Pn serotypes (1, 5, 7F, and 18C) among HIV-uninfected subjects, while a four-fold increase 204 

was only achieved for Pn serotype 5 in the HIV-infected group. Median post-vaccination levels 205 

reached the 1.3 g/ml threshold for ten of twelve Pn serotypes in the HIV-uninfected group, but 206 

only five Pn serotypes in the HIV-infected group. Significantly higher median post-vaccination IgG 207 

antibody levels were found in the HIV-uninfected compared with HIV-infected group for PnPS1, 208 

7F, 18C and 23F (p<0.001 for all comparisons). Response to Pn3 was universally poor with less 209 

than a two-fold median increase in both groups (Table 2). The proportion of individuals previously 210 

below the 1.3 g/ml threshold who attained 1.3 g/ml post-vaccination ranged from 13% (Pn13) to 211 

75% (Pn7F) for the HIV-uninfected groups, and from 12% (Pn4) to 44% (Pn7F) in the HIV-212 

infected group (Table 4). When the less-stringent WHO Pn IgG threshold of 0.35 µg/ml was used, 213 

these proportions increased to 35% and 75% for HIV-uninfected group and 30% to 78% for the 214 

HIV-infected group (S Table 2). 215 

 216 

 217 

 218 
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Large increase in antibody levels to TT, but low antibody levels to DT 219 

Median pre-vaccination IgG levels against TT were above the long-term protective level (0.1 IU/ml) 220 

for both HIV-infected and control groups, but below this level (0.1 IU/ml) for DT, with levels 221 

significantly higher among HIV-uninfected compared with HIV-infected participants (p<0.001, 222 

Table 1). A marked fold increase in median antibody levels to tetanus toxoid (3.58 and 3.45 for both 223 

HIV-infected and HIV-uninfected groups) was observed post-vaccination, while antibody levels to 224 

diphtheria toxoid remained unchanged. 225 

 226 

Influence of CD4 count and viral load on vaccine responses 227 

Among HIV-infected participants, there was a lack of significant association between pre-228 

vaccination, post-vaccination or fold change in antibody levels, and CD4 count subgroup, full VL 229 

suppression or taking HAART (S. Table 3 and 4). The closest association was between fully-230 

suppressed VL and fold change in antibody to TT (4.27 compared with 2.48 for VL50, p=0.002). 231 

To investigate the effect of optimal response to HAART on vaccine response, we compared 232 

subjects with both CD4 ≥500 cells/l and fully-suppressed VL with all other HIV-infected subjects 233 

(S. Table 5 and 6). Again, there was little difference between the two HIV-infected groups divided 234 

in this way. However, borderline significance was reached for fold change increase of the three 235 

vaccine components of Hib/MenC-TT (TT 4.58 and 3.24, p=0.007; MenC 59.25 and 29.22, p=0.026; 236 

Hib 18.75 and 7.70, p=0.099).  237 
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Discussion 238 

The main conclusions of the study are that, although HIV-infected adults have relatively low 239 

antibody levels against encapsulated bacteria, they achieve similar levels of immunity to HIV-240 

uninfected individuals through vaccination with glycoconjugates against Hib and MenC. In contrast, 241 

vaccination with pneumococcal polysaccharide results in poor responses compared with HIV-242 

uninfected individuals. In general, there was a lack of association between response to vaccination 243 

and CD4 count, VL or HAART. An unanticipated finding was a boost in post-vaccination antibody 244 

levels to TT, likely due to the TT carrier component of the Hib/MenC vaccine, but overall low 245 

antibody levels to DT. 246 

 247 

Previous studies of vaccine immunogenicity in HIV-infected individuals have tended to focus on 248 

one vaccine. Lack of consistency between findings from various vaccine studies emphasizes the 249 

importance of conducting such work in the population of interest and studies of vaccine 250 

immunogenicity among HIV-infected adult cohorts in the UK are currently lacking. A study from 251 

1995, investigating response to PPV and Hib-CRM197 among 20 recent HIV-seroconverters and 15 252 

HIV-uninfected individuals found similar responses in both groups16. Conclusions from other 253 

studies with PPV have been mixed, with some investigators finding a strong response among HIV-254 

infected adults,17,18 while others reported a poor response.19,20 Where response was compared with 255 

CD4 count, some studies found no correlation with antibody response,18,20 while others reported 256 

low CD4 count being associated with a poor response.19,21 A lack of effect of HAART on antibody 257 

response to PPV has been described.21 A recent study found no serological benefit from delaying 258 

administration of PPV in newly-diagnosed HIV-infected adults until after 6-12 months of 259 

HAART.22 260 

 261 

Fewer studies have been conducted on responses to Hib conjugate vaccines. These have generally 262 

reported a good response compared with controls, though not among individuals with low CD4 263 



Page 13 of 22 

 

counts.23-25 In our study, all subgroups of HIV-infected subjects responded to the three components 264 

of Hib/MenC-TT, although individuals with CD4 counts >500 cells/µl and fully suppressed VL had 265 

borderline larger responses to all three components of this vaccine compared with all other HIV-266 

infected individuals. The relatively small numbers in our study may have prevented us from 267 

detecting such differences as being significant, though no such borderline significant differences 268 

were detected for responses to PPV. It is intuitive that T-dependent antibody responses to 269 

Hib/MenC-TT should benefit from CD4 T-cell reconstitution more than the T-independent 270 

responses of PPV. Nevertheless, the lack of clear association between response to vaccination and 271 

CD4 count and viral load, all support a policy of early vaccination once diagnosis of HIV infection 272 

has been made. These findings indicate the need for further functional studies of CD4+ T cells and 273 

B cells, which are dysfunctional in HIV infection,26 in order to better understand immune 274 

reconstitution in HIV infection beyond what can be discerned from the CD4 count alone. 275 

 276 

The enhanced response to glycoconjugate MenC/Hib vaccination compared with that to PPV 277 

suggests that a similar strategy may overcome the lack of immunogenicity when vaccinating with 278 

pneumococcal conjugate vaccine (PCV). However, these different polysaccharide antigens may not 279 

be recognized in the same way by the immune system. HIV-infected children mount poor antibody 280 

responses to Pn PS even after systemic pneumococcal illness,27 suggesting that these 281 

polysaccharides are inherently non-immunogenic, particularly to an immune system compromised 282 

by HIV infection. Immunogenicity studies in settings where patients have access to HAART have 283 

found a higher antibody response to PCV than PPV.28,29 A 9-valent PCV has been shown to protect 284 

HIV-infected South Africa children against pneumonia and invasive pneumococcal disease.30 To 285 

date, the only randomized placebo-controlled trial of PCV in HIV-infected adults, from Malawi, 286 

showed enhanced protection against recurrent pneumococcal infection.31 Vaccination with PCV for 287 

HIV-infected adults was recommended in the US by the Advisory Committee on Immunization 288 

Practices in 2012.32 Meanwhile in the UK, in 2013 the Joint Advisory Committee on Vaccination 289 
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and Immunisation advised against the introduction of PCV in the UK33 on grounds of lack of cost 290 

effectiveness.34 291 

 292 

The large proportions of HIV-infected individuals in our study who failed to exceed threshold 293 

antibody levels post-vaccination, particularly with PPV, suggests that single vaccine doses against 294 

encapsulated bacteria are insufficient in this population. Furthermore, even with HAART, 295 

maintenance of antibody responses to PPV over a 5-year period is a problem for HIV-infected 296 

adults, particularly where CD4 counts are low.35 Mixed vaccination regimes with conjugated and 297 

unconjugated pneumococcal polysaccharide vaccines have been tested. Vaccination with a PCV7-298 

PCV7-PPV schedule has been shown to establish memory in HIV-infected children, as judged by 299 

the response to a subsequent booster vaccination five years later.36 Similar benefits have been found 300 

in HIV-infected adults revaccinated with PPV after 5 years on HAART,37 although there is the risk 301 

that multiple doses of polysaccharide vaccines will result in hyporesponsiveness.38 A recent study 302 

using three doses of PCV13 in HIV-infected adults previously vaccinated with PPV found a rise in 303 

pneumococcal antibody concentrations after each immunization compared with prevaccination 304 

levels before, but overall levels after each dose were similar.39 One dose of MenC/Hib conjugate 305 

vaccines failed to induce threshold antibody levels in approximately a third of HIV-infected 306 

subjects previously below these thresholds, indicating the need to investigate the use of multiple 307 

doses of this vaccine too. 308 

 309 

The low levels of antibodies to DT in HIV-infected individuals are a cause for concern as they 310 

identify a potential risk of diphtheria outbreak among HIV-infected adults. A possible solution is to 311 

vaccinate with glycoconjugates that use DT or CRM197 (non-toxic recombinant form of diphtheria 312 

toxin) as carrier protein, thereby providing a diphtheria booster. Although there were no serious 313 

adverse events, it is important to be vigilant for episodes of clinical pneumonia among HIV-infected 314 

subjects, particularly following the increased number of cases of pneumonia in the Ugandan PPV 315 
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trial.10 In addition to the use of fixed vaccine doses without booster vaccinations, limitations of our 316 

study include the lack of clean matching between ethnic background of HIV-infected and HIV-317 

uninfected groups which could introduce a potential source of bias in the results. Uncertainty also 318 

comes from a recent study of PCV13 in infants that questions our current understanding of 319 

correlates of protection for pneumococcal vaccines.40 Serotype-specific correlates of protection 320 

were found to range widely for IgG levels and opsonophagocytic antibody titers, with an overall 321 

aggregate correlate of protection of 0.98 g/ml IgG against the 13 serotypes of PCV13 (range: 0.14 322 

g/ml for Pn18C to 2.83 g/ml for Pn3). 323 

 324 

The main unanswered clinical question from the study and subject for future research is how to 325 

robustly induce sustained protective antibody levels against encapsulated bacteria among HIV-326 

infected adults in high-income countries such as the UK. While use of pneumococcal 327 

glycoconjugate vaccine is an obvious step, differences in quantity of vaccine used and dosing 328 

schedule may also be important. The lack of improved vaccine responses at high CD4 counts 329 

indicates that physicians should remain vigilant for clinical presentations of bacterial pneumonia 330 

and invasive disease, even in HIV-infected patients who have apparently normal immunity or 331 

reconstituted immunity on HAART.  332 



Page 16 of 22 

 

Acknowledgements 333 

We would like to thanks all the staff at the UHBFT HIV outpatient clinic and Whittall Street Clinic, 334 

and Clinical Immunology Service, University of Birmingham for their support. 335 

  336 



Page 17 of 22 

 

References 337 

 338 

1. Hirschtick RE, Glassroth J, Jordan MC, et al. Bacterial pneumonia in persons infected with 339 

the human immunodeficiency virus. Pulmonary Complications of HIV Infection Study 340 

Group. N Engl J Med. 1995;333:845-851. 341 

2. Heffernan RT, Barrett NL, Gallagher KM, et al. Declining incidence of invasive 342 

Streptococcus pneumoniae infections among persons with AIDS in an era of highly active 343 

antiretroviral therapy, 1995-2000. J Infect Dis. 2005;191:2038-2045. 344 

3. Cohen AL, Harrison LH, Farley MM, et al. Prevention of invasive pneumococcal disease 345 

among HIV-infected adults in the era of childhood pneumococcal immunization. AIDS. 346 

2010;24:2253-2262. 347 

4. Cohen C, Singh E, Wu HM, et al. Increased incidence of meningococcal disease in HIV-348 

infected individuals associated with higher case-fatality ratios in South Africa. AIDS. 349 

2010;24:1351-1360. 350 

5. Rodriguez-Barradas MC, Goulet J, Brown S, et al. Impact of pneumococcal vaccination on the 351 

incidence of pneumonia by HIV infection status among patients enrolled in the Veterans 352 

Aging Cohort 5-Site Study. Clin Infect Dis. 2008;46:1093-1100. 353 

6. Teshale EH, Hanson D, Flannery B, et al. Effectiveness of 23-valent polysaccharide 354 

pneumococcal vaccine on pneumonia in HIV-infected adults in the United States, 1998--355 

2003. Vaccine. 2008; 26:5830-5834. 356 

7. Breiman RF, Keller DW, Phelan MA, et al. Evaluation of effectiveness of the 23-valent 357 

pneumococcal capsular polysaccharide vaccine for HIV-infected patients. Arch Intern Med. 358 

2000;160:2633-2638. 359 

8. Dworkin MS, Ward JW, Hanson DL, et al. Pneumococcal disease among human 360 

immunodeficiency virus-infected persons: incidence, risk factors, and impact of vaccination. 361 

Clin Infect Dis. 2001;32:794-800. 362 



Page 18 of 22 

 

9. Penaranda M, Falco V, Payeras A, et al. Effectiveness of polysaccharide pneumococcal 363 

vaccine in HIV-infected patients: a case-control study. Clin Infect Dis. 2007;45:e82-87. 364 

10. French N, Nakiyingi J, Carpenter LM, et al. 23-valent pneumococcal polysaccharide vaccine 365 

in HIV-1-infected Ugandan adults: double-blind, randomised and placebo controlled trial. 366 

Lancet. 2000;355:2106-2111. 367 

11. Geretti AM, Brook G, Cameron C, et al. British HIV Association guidelines for immunization 368 

of HIV-infected adults 2008. HIV Med. 2008;9:795-848. 369 

12. Whitelegg AM, Birtwistle J, Richter A, et al. Measurement of antibodies to pneumococcal, 370 

meningococcal and haemophilus polysaccharides, and tetanus and diphtheria toxoids using a 371 

19-plexed assay. J Immunol Methods. 2012;377:37-46. 372 

13. Bonilla FA, Bernstein IL, Khan DA, et al. Practice parameter for the diagnosis and 373 

mangement of primary immunodeficiency. Ann Allergy Asthma Immunol. 2005;94(Suppl 374 

1):S1-63. 375 

14. Landesman SH, Schiffman G. Assessment of the antibody response to pneumococcal vaccine 376 

in high-risk populations. Rev Infect Dis. 1981;3(Suppl):S184-197. 377 

15. Jódar L, Butler J, Carlone G, et al. Serological criteria for evaluation and licensure of new 378 

pneumococcal conjugate vaccine formulations for use in infants. Vaccine. 2003;21:3265-379 

3272. 380 

16. Weiss PJ, Wallace MR, Oldfield EC, et al. Response of recent human immunodeficiency virus 381 

seroconverters to the pneumococcal polysaccharide vaccine and Haemophilus influenzae 382 

type b conjugate vaccine. J Infect Dis. 1995;171:1217-1222. 383 

17. Huang KL, Ruben FL, Rinaldo CR, et al. Antibody responses after influenza and 384 

pneumococcal immunization in HIV-infected homosexual men. JAMA. 1987;257:2047-2050. 385 

18. Kroon FP, van Dissel JT, de Jong JC, et al. Antibody response to influenza, tetanus and 386 

pneumococcal vaccines in HIV-seropositive individuals in relation to the number of CD4+ 387 

lymphocytes. AIDS. 1994;8:469-476. 388 



Page 19 of 22 

 

19. Rodriguez-Barradas MC, Musher DM, Lahart C, et al. Antibody to capsular polysaccharides 389 

of Streptococcus pneumoniae after vaccination of human immunodeficiency virus-infected 390 

subjects with 23-valent pneumococcal vaccine. J Infect Dis. 1992;165:553-556. 391 

20. Amendola A, Tanzi E, Zappa A, et al. Safety and immunogenicity of 23-valent pneumococcal 392 

polysaccharide vaccine in HIV-1 infected former drug users. Vaccine. 2002;20:3720-3724. 393 

21. Rodriguez-Barradas MC, Alexandraki I, Nazir T, et al. Response of human immunodeficiency 394 

virus-infected patients receiving highly active antiretroviral therapy to vaccination with 23-395 

valent pneumococcal polysaccharide vaccine. Clin Infect Dis. 2003;37:438-447. 396 

22. Leggat DJ, Iyer AS, Ohtola JA, et al. Response to pneumococcal polysaccharide vaccination 397 

in newly diagnosed HIV-positive individuals. J AIDS Clin Res 2015; 6:pii:419. 398 

23. Steinhoff MC, Auerbach BS, Nelson KE, et al. Antibody responses to Haemophilus 399 

influenzae type B vaccines in men with human immunodeficiency virus infection. N Engl J 400 

Med. 1991;325:1837-1842. 401 

24. Kroon FP, van Dissel JT, Rijkers GT, et al. Antibody response to Haemophilus influenzae 402 

type b vaccine in relation to the number of CD4+ T lymphocytes in adults infected with 403 

human immunodeficiency virus. Clin Infect Dis. 1997;25:600-606. 404 

25. Dockrell DH, Poland GA, Steckelberg JM, et al. Immunogenicity of three Haemophilus 405 

influenzae type b protein conjugate vaccines in HIV seropositive adults and analysis of 406 

predictors of vaccine response. Vaccine. 1999;17:2779-2785. 407 

26. Moir S, Fauci AS. B cells in HIV infection and disease. Nat Rev Immunol. 2009;9:235-245. 408 

27. King JC, Borkowsky W, Mahidhara N, et al. Group-specific antibody levels surrounding 409 

invasive pneumococcal illness in children infected with human immunodeficiency virus. J 410 

Infect Dis. 2000;181:1817-1821. 411 

28. Ho YL, Brandao AP, de Cunto Brandileone MC, et al. Immunogenicity and safety of 412 

pneumococcal conjugate polysaccharide and free polysaccharide vaccines alone or 413 

combined in HIV-infected adults in Brazil. Vaccine. 2013;31:4047-4053. 414 



Page 20 of 22 

 

29. Lu CL, Hung CC, Chuang YC, et al. Serologic response to primary vaccination with 7-valent 415 

pneumococcal conjugate vaccine is better than with 23-valent pneumococcal polysaccharide 416 

vaccine in HIV-infected patients in the era of combination antiretroviral therapy. Hum 417 

Vaccin Immunother. 2013;9:398-404. 418 

30. Klugman KP, Madhi SA, Huebner RE, et al. A trial of 9-valent pneumococcal conjugate 419 

vaccine in children with and those without HIV infection. N Engl J Med. 2003;349:1341-420 

1348. 421 

31. French N, Gordon SB, Mwalukomo T, et al. A trial of a 7-valent pneumococcal conjugate 422 

vaccine in HIV-infected adults. N Engl J Med. 2010;362:812-822. 423 

32. Use of 13-valent pneumococcal conjugate vaccine and 23-valent pneumococcal 424 

polysaccharide vaccine for adults with immunocompromising conditions: recommendations 425 

of the Advisory Committee on Immunization Practices (ACIP). MMWR Morb Mortal Wkly 426 

Rep. 2012;61:816-819. 427 

33. Joint Committee on Vaccination and Immunisation. JCVI statement on the wider use of 428 

pneumococcal conjugate vaccines in the UK July 2013. 429 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/224765/JCVI430 

_statement_on_pneumococcal_vaccination_for_clinical_risk_groups_Final.pdf (accessed 431 

May 31, 2015). 432 

34. Rozenbaum MH, Van Hoek AJ, Fleming D, et al. Vaccination of risk groups in England using 433 

the 13 valent pneumococcal conjugate vaccine: economic analysis. BMJ. 2012;345:e6879. 434 

35. Hung C-C, Chang S-Y, Su C-T, et al. A 5-year longitudinal follow-up study of serological 435 

responses to 23-valent pneumococcal polysaccharide vaccination among patients with HIV 436 

infection who received highly active antiretroviral therapy. HIV Medicine. 2010;11:54-63. 437 

36. Abzug MJ, Song LY, Levin MJ, et al. Antibody persistence and immunologic memory after 438 

sequential pneumococcal conjugate and polysaccharide vaccination in HIV-infected children 439 

on highly active antiretroviral therapy. Vaccine. 2013;31:4782-90. 440 



Page 21 of 22 

 

37. Iyer AS, Leggat DJ, Ohtola JA, et al. Response to pneumococcal polysaccharide vaccination 441 

in HIV-positive individuals on long term highly active antiretroviral therapy. J AIDS Clin 442 

Res. 2015;6:pii:421. 443 

38. Poolman J, Borrow R. Hyporesponsiveness and its clinical implications after vaccination with 444 

polysaccharide or glycoconjugate vaccines. Expert Rev Vaccines. 2011;10:307-322. 445 

39. Glesby MJ, Watson W, Brinson C. Immunogenicity and safetly of 13-valent pneumococcal 446 

conjugate vaccine in HIV-infected adults previously vaccinated with pneumococcal 447 

polysaccharide vaccine. J Infect Dis. 2015;212:18-27. 448 

40. Andrews NJ, Waight PA, Burbidge P, et al. Serotype-specific effectiveness and correlates of 449 

protection for the 13-valent pneumococcal conjugate vaccine: a postlicensure indirect cohort 450 

study. Lancet Infect Dis. 2014;14:839-846.  451 



Page 22 of 22 

 

Figure legends 452 

1. Vaccine-specific antibody levels pre- and post-vaccination with PPV and Hib/MenC-453 

TT 454 

Each point represents one subject. Solid horizontal lines indicate medians. Dotted horizontal 455 

lines indicate thresholds for protective post-vaccination antibody responses. Pn 456 

pneumococcal; Men meningococcal; Hib Haemophilus influenzae b; TT tetanus toxoid; DT 457 

diphtheria toxoid 458 
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Table 1. Median IgG antibody levels to meningococcal and Hib capsular polysaccharides, tetanus and diphtheria toxoid in study 1 

participants according to HIV status 2 

Pre-Vaccine  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 0•94 0•23  1•60 0•08 1•77 0•09 0•50 

 (0•21-2•01) (0•06-1•73)  (0•48-3•46) (0•03-0•21) (0•83-5•18) (0•03-0•22) (0•18-1•97) 

HIV+ 

 0•24 0•06  0•51 0•02 0•81 0•04 0•20 

 (0•07-0•92) (0•02-0•22)  (0•15-1•56) (0•01-0•07) (0•38-2•32) (0•01-0•10) (0•06-0•48) 

 p  <0•001** <0•001**  <0•001** <0•001** <0•001** <0•001** <0•001** 

Post-Vaccine  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 4•85 4•56  7•59 0•11 3•77 0•17 0•87 

 (1•99-13•72) (1•90-15•00)  (3•18-10•00) (0•04-0•35) (1•39-7•98) (0•06-0•28) (0•42-2•16) 

HIV+ 

 3•74 2•88  2•94 0•03 1•47 0•06 0•31 

 (1•08-14•46) (0•90-8•94)  (0•68-7•57) (0•01-0•08) (0•59-3•33) (0•02-0•17) (0•10-0•70) 

 p  0•064 0•010*  <0•001** <0•001** <0•001** <0•001** <0•001** 

Fold Change  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 5•70 13•22  3•45 1•10 1•37 1•24 1•43 

 (1•67-21•25) (4•41-52•67)  (1•82-6•92) (0•77-1•78) (0•97-2•23) (1•00-2•00) (1•09-2•19) 

Tables
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HIV+ 

 9•28 34•08  3•58 1•00 1•31 1•25 1•35 

 (2•68-34•00) (9•87-96•00)  (1•63-8•62) (1•00-1•50) (1•00-2•04) (1•00-2•00) (1•00-2•20) 

 p  0•071 0•003*  0•656 0•621 0•983 0•682 0•619 

Data reported as: "Median (Quartiles)" 3 

p-values from Mann-Whitney tests 4 

*Significant at p<0.05 5 

**Significant after Bonferroni correction for 57 comparisons (19 antibodies by 3 measures) at p<0.00088 6 

Hib Haemophilus influenzae b; Men meningococcus; TT tetanus toxoid; DT diphtheria toxoid 7 

  8 
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 9 

Table 2. Median IgG antibody levels to pneumococcal polysaccharides in study participants according to HIV status 10 

Pre-Vaccine Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 

HIV  

Status 

HIV- 

0.24 0•29 0•14 0•38 0•36 0•77 0•52 1•03 0•44 0•78 0•63 0•55 

(0•10-0•76) (0•10-1•78) (0•07-0•33) (0•19-1•06) (0•14-1•49) (0•39-1•49) (0•18-1•33) (0•32-3•94) (0•18-1•95) (0•25-2•71) (0•19-2•26) (0•22-1•60) 

HIV+ 

0•24 0•24 0•12 0•24 0•32 0•35 0•25 1•51 0•43 0•66 0•40 0•31 

(0•08-0•67) (0•08-0•78) (0•04-0•35) (0•09-0•72) (0•10-1•12) (0•15-1•07) (0•10-0•70) (0•23-5•65) (0•08-1•52) (0•15-2•23) (0•14-1•38) (0•10-0•96) 

 p 0•782 0•446 0•398 0•015* 0•600 <0•001** 0•002* 0•516 0•168 0•243 0•146 0•005* 

Post-Vaccine Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 

HIV  

Status 

HIV- 

2•74 0•49 0•36 4•63 1•67 5•24 1•89 7•76 5•96 3•72 2•19 2•35 

(0•93-10•00) (0•16-3•93) (0•21-1•06) (0•58-10•00) (0•41-5•72) (2•43-10•00) (0•82-10•00) (1•22-10•00) (1•13-10•00) (1•00-8•50) (0•57-7•08) (0•79-6•69) 

HIV+ 

1•11 0•53 0•30 1•34 0•97 1•51 1•15 5•12 2•01 2•19 1•07 1•08 

(0•46-3•55) (0•20-2•10) (0•10-0•79) (0•41-5•55) (0•25-3•20) (0•65-4•75) (0•35-3•82) (1•38-10•00) (0•29-9•48) (0•57-6•97) (0•30-4•32) (0•31-2•72) 

 p <0•001** 0•791 0•044* 0•003* 0•031* <0•001** 0•002* 0•255 <0•001** 0•035* 0•008* <0•001** 

Fold Change Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 

HIV  

Status 

HIV- 

8•01 1•63 2•65 4•15 2•20 5•56 2•81 3•43 5•47 3•31 2•94 2•55 

(3•92-16•67) (1•00-3•95) (1•60-5•93) (2•07-12•88) (1•30-10•02) (2•15-11•88) (1•58-11•25) (1•27-8•19) (2•17-16•66) (1•29-6•22) (1•52-6•19) (1•80-8•91) 

HIV+ 

3•42 1•79 2•00 4•00 1•87 3•50 3•82 1•99 3•35 2•00 2•06 2•40 

(1•54-10•32) (1•00-3•90) (1•24-4•08) (1•62-11•07) (1•18-4•69) (2•00-7•65) (1•57-8•29) (1•00-4•63) (1•56-7•30) (1•20-5•58) (1•29-4•82) (1•40-5•56) 

 p <0•001** 0•387 0•030* 0•299 0•156 0•060 0•863 0•017* 0•013* 0•181 0•060 0•126 

Data reported as: "Median (Quartiles)" 11 

p-values from Mann-Whitney tests 12 
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*Significant at p<0.05 13 

**Significant after Bonferroni correction for 57 comparisons (19 antibodies by 3 measures) at p<0.00088 14 

Pn pneumococcal 15 

  16 
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Table 3. Rates above nominal IgG protection levels against meningococcus, Hib, tetanus and diphtheria in study participants according to 17 

HIV status 18 

Pre-Vaccine  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 34/73 16/73  70/73 34/73 32/73 3/73 18/73 

 47% 22%  96% 47% 44% 4% 25% 

HIV+ 

 51/211 23/211  173/211 42/211 58/211 7/211 22/201 

 24% 11%  82% 20% 27% 3% 11% 

 p  <0•001** 0•028*  0•003* <0•001** 0•013* 0•721 0•007* 

Post-Vaccine  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 64/73 53/73  72/73 40/73 48/73 3/73 21/73 

 88% 73%  99% 55% 66% 4% 29% 

HIV+ 

 159/211 129/211  198/211 50/211 80/210 7/211 22/202 

 75% 61%  94% 24% 38% 3% 11% 

 p  0•031* 0•090  0•126 <0•001** <0•001** 0•721 0•001* 

Absolute Increase  Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 30/73 37/73  2/73 6/73 16/73 0/73 3/73 

 41% 51%  3% 8% 22% 0% 4% 

HIV+  108/211 106/211  25/211 8/211 22/210 0/211 0/201 
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 51% 50%  12% 4% 11% 0% 0% 

 p  - -  - - - - - 

Protection for Previously 

Unprotected Patients‡ 

 

Hib MenC  TT DT MenA MenW MenY 

HIV  

Status 

HIV- 

 30/39 37/57  2/3 10/39 16/41 0/73 4/55 

 77% 65%  67% 26% 39% 0% 7% 

HIV+ 

 108/160 106/188  25/38 13/169 26/152 0/204 3/179 

 68% 56%  66% 8% 17% 0% 2% 

 p  0•333 0•285  1•000 0•003* 0•005* 1•000 0•055 

Data reported as the numbers and proportions of patients with antibody levels above the protection thresholds (Hib=1 μ/ml, Men=2 μ/ml, DT/TT=0.1 IU/ml) 19 

p-values from Fisher's Exact tests 20 

*Significant at p<0.05 21 

**Significant after Bonferroni correction for 57 comparisons (19 antibodies by 3 measures) at p<0.00088 22 

#Patients with 8 Pn antibodies above the thresholds 23 

‡The proportion of patients with antibody levels below the threshold pre-vaccine, who had levels above the thresholds post-vaccine 24 

Hib Haemophilus influenzae b; Men meningococcus; TT tetanus toxoid; DT diphtheria toxoid 25 

  26 
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Table 4. Rates above nominal IgG protection levels against pneumococcus, in study participants according to HIV status 27 

Pre-Vaccine Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 8 Pn's# 

HIV  

Status 

HIV- 

15/73 20/73 2/73 14/73 20/73 22/73 19/73 33/73 21/73 30/73 23/73 21/73 9/73 

21% 27% 3% 19% 27% 30% 26% 45% 29% 41% 32% 29% 12% 

HIV+ 

37/211 42/211 12/211 32/211 47/211 42/211 36/211 113/211 60/211 74/211 54/211 39/211 15/211 

18% 20% 6% 15% 22% 20% 17% 54% 28% 35% 26% 18% 7% 

 p 0.600 0•191 0•530 0•462 0•424 0•076 0•121 0•225 1•000 0•398 0•360 0•069 0•220 

Post-Vaccine Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 8 Pn's# 

HIV  

Status 

HIV- 

48/73 26/73 16/73 47/73 40/73 60/73 48/73 54/73 53/73 51/73 45/73 46/73 39/73 

66% 36% 22% 64% 55% 82% 66% 74% 73% 70% 62% 63% 53% 

HIV+ 

99/210 68/211 35/211 108/211 92/211 115/211 97/211 159/211 117/211 131/211 94/211 91/211 69/211 

47% 32% 17% 51% 44% 55% 46% 75% 55% 62% 45% 43% 33% 

 p 0•007* 0•665 0•376 0•057 0•104 <0•001** 0•004* 0•876 0•012* 0•259 0•014* 0•004* 0•002* 

Absolute Increase Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 8 Pn's# 

HIV  

Status 

HIV- 

33/73 6/73 14/73 33/73 20/73 38/73 29/73 21/73 32/73 21/73 22/73 25/73 30/73 

45% 8% 19% 45% 27% 52% 40% 29% 44% 29% 30% 34% 41% 

HIV+ 

62/210 26/211 23/211 76/211 45/211 73/211 61/211 46/211 57/211 57/211 40/211 52/211 54/211 

30% 12% 11% 36% 21% 35% 29% 22% 27% 27% 19% 25% 26% 
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 p - - - - - - - - - - - - - 

Protection for Previously 

Unprotected Patients‡ Pn1 Pn3 Pn4 Pn5 Pn6B Pn7F Pn9V Pn14 Pn18C Pn19A Pn19F Pn23F 8 Pn's# 

HIV  

Status 

HIV- 

33/58 7/53 14/71 33/59 21/53 38/51 30/54 21/40 32/52 22/42 22/50 26/52 30/64 

57% 13% 20% 56% 40% 75% 56% 53% 62% 51% 44% 50% 47% 

HIV+ 

64/173 28/169 24/199 76/179 46/164 74/169 61/175 46/98 57/151 57/137 42/157 55/172 54/196 

37% 17% 12% 43% 28% 44% 35% 47% 38% 42% 27% 32% 28% 

 p 0•009* 0•669 0•116 0•097 0•126 <0•001** 0•010* 0•578 0•004* 0•294 0•034* 0•021* 0•005* 

Data reported as the numbers and proportions of patients with antibody levels above the protection thresholds (Pn=1.3 μ/ml) 28 

p-values from Fisher's Exact tests 29 

*Significant at p<0.05 30 

**Significant after Bonferroni correction for 57 comparisons (19 antibodies by 3 measures) at p<0.00088 31 

#Patients with 8 Pn antibodies above the thresholds 32 

‡The proportion of patients with antibody levels below the threshold pre-vaccine, who had levels above the thresholds post-vaccine 33 

Pn pneumococcal 34 
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