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Abstract: HIV-infected patients are at particular risk for invasive pneumococcal disease (IPD). We
describe cases of IPD in people living with HIV/AIDS (PLWHA) and find associated risk factors
for infection and death. Methods: A retrospective case-control study, nested in a cohort, including
PLWHA with and without IPD, conducted in Brazil, 2005–2020. Controls were of the same gender/age
and seen at the same time/place as cases. Results: We identified 55 episodes of IPD (cases) in
45 patients and 108 controls. The incidence of IPD was 964/100,000 person-years. A total of 42 of
55 (76.4%) IPD episodes presented with pneumonia and 11 (20%) with bacteremia without a focus
and 38/45 (84.4%) were hospitalized. Blood cultures were positive in 54/55 (98.2%). Liver cirrhosis
and COPD were the only factors associated with IPD in PLWHA in univariate analysis, although
no associated factors were found in multivariate analysis. Penicillin resistance was found in 4/45
(8.9%). Regarding antiretroviral therapy (ART), 40/45 (88.9%) cases vs. 80/102 controls (74.1%) were
in use (p = 0.07). Patients with HIV and IPD had a higher CD4 count of 267 cells/mm3 compared
with the control group, in which it was 140 cells/mm3 (p = 0.027). Pneumococcal vaccination was
documented in 19%. Alcoholism (p = 0.018), hepatic cirrhosis (p = 0.003), and lower nadir CD4 count
(p = 0.033) were associated with the risk of death in patients with IPD. In-hospital mortality among
PLWHA and IPD was 21.1%, and it was associated with thrombocytopenia and hypoalbuminemia,
elevated band forms, creatinine, and aspartate aminotransferase (AST). Conclusions: The incidence
of IPD in PLWHA remained high despite ART. The vaccination rate was low. Liver cirrhosis was
associated with IPD and death.

Keywords: HIV/AIDS; Streptococcus pneumoniae; pneumococcus; invasive pneumococcal disease;
vaccination; Brazil

1. Introduction

Invasive pneumococcal disease (IPD) is an infection confirmed by isolating S. pneumo-
niae from sterile sites. S. pneumoniae is the leading etiologic agent of community-acquired
pneumonia, meningitis, sinusitis, and otitis media. In bacteremia, secondary complications
such as endocarditis, arthritis, or meningitis may occur [1].

S. pneumoniae is a Gram-positive encapsulated coccus with 100 immunologically
distinct serotypes [2]. It is one of the most important bacterial pathogens in people liv-
ing with HIV/AIDS (PLWHA). Rates of pneumonia are 25 times more frequent among
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these patients [3]. The incidence of IPD in this population is about 46 to 100 times
higher than in the general population, and the risk is particularly high in those with
CD4 count < 200/mm3 [1]. Several studies show that the incidence of IPD decreases
with combined antiretroviral therapy (ART), but it remains significantly higher than that
of the general population [4–6]. Patients who develop a pneumococcal infection in the
context of immunosuppression are more likely to develop bacteremia with no evident
focus and septic shock, and their risk of death is almost three times higher compared with
non-immunosuppressed patients [7].

Several risk factors associated with IPD in PLWHA have been identified: age > 60 years
and aboriginal ethnicity [8], education less than high school [8], smoking and
alcoholism [4,9], intravenous drug use (IDU) [4,8,10], hepatitis C co-infection [8], chronic
obstructive pulmonary disease (COPD) [8], low serum albumin, CD4 < 200 cells/mm3 [8],
CD4 < 100 cells/mm3 [4,9], HIV RNA > 50.000 copies/mL, no use of ART [4], not hav-
ing received 23-valent pneumococcal vaccine (PCV23) [4], and prior hospitalization [4,9].
Protective factors for IPD were ART [9] and pneumococcal vaccination [8–10].

This study may contribute to the global understanding of invasive pneumococcal
disease in patients with HIV since it is a disease that affects all human beings, regardless
of geographical location, and is associated with high rates of morbidity and mortality,
particularly in developing countries. The meta-analysis showed that there was a higher
incidence of IPD in African countries compared with non-African countries [11]. Brazil is a
middle-income country located in South America. The Brazilian scenario, therefore, may
apply to other Latin American countries and other middle-income countries.

This study aimed (i) to evaluate the incidence of IPD among PLWHA seen at the
Instituto Nacional de Infectologia Evandro Chagas/Fundação Oswaldo Cruz (INI/Fiocruz),
Rio de Janeiro, Brazil, and (ii) to describe the profile of affected patients, including treatment
and outcomes, and (iii) to find risk factors associated with this disease in PLWHA.

2. Materials and Methods

This is a retrospective case-control (1:2) study, nested in a cohort, including PLWHA
with and without IPD, from January 2005 to June 2020. HIV care and treatment have
been provided at INI/Fiocruz since 1986. A longitudinal observational clinical cohort of
PLWHA receiving care at INI has been maintained by the Clinical Research Laboratory on
HIV/AIDS (LAPCLIN/AIDS). Cohort data are updated regularly and have contributed
to several studies [12]. From 1986 to 2019, INI’s comprehensive observational database
(HIV cohort) maintained information on 7185 PLWHA ≥ 18 years old. We estimate around
5000 people in active follow-up (i.e., those who attended INI at least once in the last year
for lab evaluation, medication refill collection, or consultation).

Data Collection: Microbiological data were collected from the results made avail-
able by the Laboratory of Bacteriology and Bioassays in an automated system and from
written internal laboratory records. Study variables were obtained from the HIV cohort
database and complemented by data extracted from the electronic medical records. The iso-
lation method was performed by direct inoculation of clinical samples in enriched culture
media (chocolate agar and blood agar) and incubation at 5% CO2, at a temperature of
35 ± 1 ◦C, within a maximum of 72 h after receiving the samples. If samples were
blood and/or sterile fluid samples, they were inoculated into automated culture flasks
(Bactec/Becton Dickson). Incubation time was up to 5 days. When positive, blood and
sterile fluid were inoculated in enriched media, as previously described. The antimicrobial
susceptibility test was performed by the agar diffusion method (disk diffusion), and the
determination of the minimum inhibitory concentration by gradient strip agar diffusion
was made. We followed the interpretative criteria of the CLSI—Clinical and Laboratory
Standards Institute. Molecular tests and serotyping were not performed.

Study population: Adult PLWHA with IPD (cases) and PLWHA without IPD (controls).
Controls were patients of the same sex at birth and age group (±5 years), seen in the same
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semester as the cases, in the same setting (medical clinic/emergency room or medical
ward/medical intensive care unit).

Study variables: Sex at birth, age at the time of the IPD episode, CD4+ T cell count,
CD8+ T cell count, CD4/CD8 ratio, and viral load (all obtained within 6months before
IPD episode), use of ART, prophylaxis with cotrimoxazole, pneumococcal vaccination,
comorbidities, such as diabetes mellitus, COPD, liver cirrhosis, chronic kidney failure, use
of chemotherapy, steroids, inhaled or intravenous cocaine use, crack use, alcohol abuse,
smoking, whether the patient was hospitalized or not, length of hospital and intensive care
unit (ICU) stay and procedures performed (mechanical ventilation, use of vasopressors,
hemodialysis), antibiotic use (drug name), samples collected for culture, the sensitivity
of the isolate to penicillin and cotrimoxazole, case outcome (death or not), and need for
additional therapeutic procedures.

Definitions: IPD was defined as the isolation of S. pneumoniae from at least one blood
culture, from cerebrospinal fluid (CSF) culture, or other sterile sites. Prophylaxis with
sulfamethoxazole/trimethoprim was considered as the use of the drug for more than
2 weeks and up to 3 months before isolation of S. pneumoniae. Community-acquired infec-
tion was considered if the patients remained as outpatients and had no previous recent
hospital admissions, or if admitted, the diagnosis occurred within 48 h after admission.
Hospital-acquired infection was diagnosed if the event occurred more than 48 h after
admission. Pneumonia was defined as an acute or subacute pulmonary condition charac-
terized by the following: fever and/or cough; new purulent sputum; dyspnea or tachypnea
and pleuritic chest pain, with or without radiological confirmation, and with adequate
antibiotic treatment administered [13], as well as isolation of pneumococcus in a sterile
sample. Bacteremia was defined as the isolation of S. pneumoniae from peripheral blood
cultures. Meningitis was defined as the isolation of S. pneumoniae in cerebral spinal fluid
associated with headache, fever, altered mental state, and/or neck stiffness. The use of
ART was defined by its prescription at least one month before the event. Nadir T-CD4+
count was considered the lowest level ever of CD4+ count in the patient’s history, and
T-CD4+ count was the CD4+ cell count measured closest to the IPD episode, up to 6 months
previously. Pneumococcal vaccine prophylaxis was considered when the vaccine (any
pneumococcal vaccine) was given more than 2 weeks before the episode up to 5 years
before the isolation of S. pneumoniae. Infection was defined as recurrent when S. pneumo-
niae was isolated more than 30 days after the date of the previous event. Mortality was
defined as related to the IPD when the death occurred within 30 days of S. pneumoniae
isolation. Penicillin resistance was measured by the disc diffusion method with the oxacillin
disc; the cutoff levels used were those established by The Clinical and Laboratory Stan-
dards Institute (CLSI) [14], and differentiation was made if the biological material was
blood or other fluids (non-meningeal cohort point > 8 µg/mL) and CSF (meningeal cohort
point > 0.12 µg/mL). Macrolide resistance was evaluated with the erythromycin disc,
which was used to determine sensitivity to azithromycin and clarithromycin
(cutoff point < 15 mm).

Statistical analysis: Mann–Whitney U tests were used to compare baseline demo-
graphic and clinical variables with continuous numerical variables. For categorical nom-
inal variables, Pearson’s χ2 tests were used to assess frequency independence between
these variables and either pneumococcal infection (cases and controls) or pneumococcal
infection-related death (cases). Both cases and controls were used to estimate the risks
of pneumococcal disease. The effects of various risk factors on pneumococcal disease
were assessed using odds ratios (aOR) and their corresponding 95% confidence intervals
(CI), estimated using multiple logistic regression models. To rule out any possible bias
introduced by convenience sampling, we introduced as confounders in these models the
patients’ age, sex at birth, race/color, level of education, household income, nadir T-CD4+
count, T-CD4+ count, and viral load. To estimate the risks of progression to death from
pneumococcal infection (cases only), we calculated person-years (pY) by measuring the
years of follow-up of at-risk patients living with HIV/AIDS and years of follow-up after
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their last episode of pneumococcal infection, respectively. Living subjects were censored at
the end of the follow-up (30 June 2021). In addition, the incidence rate of death related to
pneumococcal infection and its 95% CI were estimated according to asymptotic standard
errors calculated from Gamma distributions [15]. Regardless of the model, whenever neces-
sary, we categorized the continuous numerical variables using the round integer closest to
their medians as cutoff points. Two-tailed significance levels were less than or equal to 0.01,
0.05, and 0.1. All statistical analyses were performed using R version 4.1.0 (R Core Team,
2021). The annual incidence of IPD in PLWHA was calculated by dividing the number of
IPD episodes by the number of new PLWHA included in the cohort each year. To identify
an increasing or decreasing trend in IPD, we used a nonparametric Spearman test between
the observations and time estimated in bootstrap samples (R = 1000).

Ethical approval: The study was approved by the Ethics Committee of the Instituto
Nacional de Infectologia Evandro Chagas/Fiocruz (IRB no 32449420.4.1001.5262), number
4,133,994 on 13 July 2020.Terms of free and informed consent were waived.

3. Results

Among 5434 HIV patients followed in the study period, the overall incidence of IPD
in PLWHA was 964 episodes/100,000 person-years between 2005 and 2020 at INI/Fiocruz.

The annual incidence of IPD in PLWHA/100,000 person-years is presented in Figure 1.
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Figure 1. The annual incidence of IPD in PLWHA/100,000 person-years in Rio de Janeiro, Brazil,
in 2005–2020.

In the calendar periods 2005–2009, 2010–2014, and 2015–2019, the incidence of IPD
per 100,000 person-years increased from 710 (95% CI, 270–1150) to 1050 (95% CI, 520–1580)
to 1453 (95% CI, 946–1960), respectively. We found no significant differences between the
years 2005 and 2019 for the mean incidences of IPD per 100,000 person-years, as evidenced
by the overlap of the estimated 95% confidence intervals, but we did find a trend of a 1.4%
increase per year (rho = 0.014; p-value < 0.001).

During the study period, 55 episodes (cases) of IPD were identified in 45 patients. A
total of 17 IPD episodes were recurrent in 7 patients (1 patient had 4 episodes, 1 patient had
3, and the remaining 5 had 2 episodes each). Most cases required hospitalization (38/45,
84.4%), and 7 (15.6%) were diagnosed and treated on an outpatient basis. About two-thirds
of the patients were male at birth, and the median age was 42 (35–48) years. Self-declared
brown and black people accounted for about three-quarters of the sample.

Among episodes of IPD, bacterial pneumonia occurred in 42/55 (76.4%), primary
bacteremia in 11 (20%), and pneumococcal meningitis in 2 (3.6%). S. pneumoniae was
isolated in blood cultures in 54/55 (98.2%) episodes. In one episode, the bacterium was
isolated in blood and CSF, and in one episode, in CSF only.

The 55 episodes of IPD in PLWHA were paired with 108 PLWHA controls without IPD.
Table 1 shows demographic and clinical variables in HIV-positive patients during their

first episode of IPD compared with HIV-positive patients without IPD, stratified according
to the presence or absence of invasive pneumococcal disease. Recent diagnosis of HIV
infection was less frequent among patients with IPD. Overall, 120/153 (78.4%) were on
ART, and the frequency of use was higher in cases compared with controls (40/45 or 88.9%
vs. 80/108 or 74.1%, p = 0.07, respectively). Patients with HIV and IPD had a higher CD4
count of 267 cells/mm3 compared with the control group, in which it was 140 cells/mm3

(p = 0.027).
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Table 1. Selected demographic and clinical variables of PLWHA on their first episode of IPD compared
with PLWHA without IPD.

Variables
All Patients (n = 153) IPD (n = 45) No IPD (n = 108)

p-Value
Median [IQR] or n (%) Median [IQR] or n (%) Median [IQR] or n (%)

Age (years) 42 [35;48] 41 [35;47] 42 [35;48] 0.862

Sex at birth
Male 99 (64.7%) 28 (62.2%) 71 (65.7%) 0.819

Female 54 (35.3%) 17 (37.8%) 37 (34.3%)

Race/color

Black 41 (26.8%) 13(28.9%) 28 (25.9%) 0.891

Brown 64 (41.8%) 19 (42.2%) 45 (41.7%)

White 48 (31.4%) 13 (28.9%) 35 (32.4%)

Education
Primary education 58 (39.5%) 15 (35.7%) 43 (41%) 0.689

Secondary and higher education 89 (60.5%) 27 (64.3%) 62 (59%)

Smoking Yes 61 (41.8%) 22 (48.9%) 39 (38.6%) 0.327

Drinking Yes 47 (32%) 16 (35.6%) 31 (30.4%) 0.67

Drug use Cocaine/Crack 33 (22.9%) 15 (33.3%) 18 (18.2%) 0.107

Cannabis 8 (5.6%) 3 (6.7%) 5 (5.1%)

COPD Yes 24 (15.8%) 13 (28.9%) 11 (10.3%) 0.009

DM Yes 8 (5.3%) 4 (8.9%) 4 (3.7%) 0.368

Liver cirrhosis Yes 15 (9.8%) 9 (20%) 6 (5.6%) 0.015

Steroid use Yes 8 (5.2%) 3 (6.7%) 5 (4.6%) 0.907

Monthly family income
Up to 3 mw 138 (90.2%) 41 (91.1%) 97 (89.8%) 1

>3 mw 15 (9.8%) 4 (8.9%) 11 (10.2%)

Newly diagnosed HIV 28(18.3%) 4(8.9%) 24 (22.2%) 0.087

Nadir(cells/mm3) Nadir 110 [28;275] 117.5 [49.3;316.8] 110 [27;272] 0.606

CD4 (cells/mm3) CD4 165 [53.75;418.25] 267.5 [96.5;495.25] 140 [34;376.75] 0.027

CD4 strata (cells/mm3) <100 54 (37%) 12 (27.3%) 42 (41.2%) 0.025

100–200 27 (18.5%) 5 (11.4%) 22 (21.6%)

>200 64 (44.5%) 27 (61.4%) 38 (37.3%)

CD4/CD8 CD4/CD8 0.32 [0.09;0.59] 0.4 [0.14;0.68] 0.28 [0.08;0.58] 0.36

Viral load (copies/mL) 1497 [39;79403.75] 793 [39;24821] 2204 [39;158616] 0.311

ART Yes 120 (78.4%) 40 (88.9%) 80 (74.1%) 0.07

Prophylaxis for OI Yes 69 (45.1%) 27 (60%) 42 (38.9%) 0.027

PPV23 Yes 29 (19%) 9 (20%) 20 (18.5%) 1

PCV13 Yes 1 (0.7%) 1 (2.2%) 0 (0%) 0.65

PLWHA = people living with the human immunodeficiency virus/acquired immunodeficiency syndrome;
IPD = invasive pneumococcal disease; IQR = interquartile range; COPD = chronic obstructive pulmonary disease;
DM = diabetes mellitus; mw = minimum wage (Brazil’s minimum wage, as per the government norms, was
around US $200.00 per month for the years in the study period). HIV = human immunodeficiency virus;
ART = antiretroviral treatment; OI = opportunistic infection; PPV23 = 23-valent pneumococcal vaccine;
PCV13 = 13-valent pneumococcal vaccine; p-values were calculated for absolute (relative) frequencies by
chi-squared tests.

We had 15 patients in the control group who died (14.9%); in 8/15 (53%) the cause was
respiratory (pulmonary tuberculosis, pneumocystis pneumonia, or other bacterial pneumo-
nia), in 5/15 (33%), the cause was neurological (meningoencephalitis, neurotoxoplasmosis,
or AIDS encephalitis), and in 2/15 (13%) the cause was hematological (Kaposi’s sarcoma
and lymphoma).

Adjusted demographic and clinical characteristics of PLWHA with IPD who died in
hospital are presented in Supplementary Table S1; only alcoholism (p < 0.018) and hepatic
cirrhosis (p < 0.003) remained associated with the risk of death in patients with IPD.

Data on hospitalization and death are presented in Supplementary Tables S2 and S3.
In-hospital mortality (within 30 days) in our cohort was 21.1% in cases and 14.9% in con-
trols, while mortality in the follow-up period (1 year after the end of the study, June 2021)
was 42.2% in cases and 40.7% in controls, with no statistical difference
between groups.
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Regarding PLWHA and IPD who died, there was a significant difference in nadir
(i.e., lowest ever) CD4 counts, which had a median of 53.5 [IQR 12;93.5] cells/mm3 com-
pared with a median of 151.5 [80.75;334] in those who lived (p = 0.033). Alcoholism and
liver cirrhosis were also associated with death in PLWHA and IPD (Supplementary Table S3).

In the case group, there were 8 deaths: 7/8 (88%) from pulmonary causes (severe
pneumonia) and 1/8 (12%) from primary bacteremia. We had 15 patients in the control
group who died (14.9%): in 8/15 (53%) the cause was a respiratory failure (pulmonary
tuberculosis, pneumocystosis, or other bacterial pneumonia), in 5/15 (33%) the cause was
neurological (meningoencephalitis, neurotoxoplasmosis, or AIDS encephalitis), and in 2/15
(13%), the cause was hematological (Kaposi’s sarcoma and lymphoma).

The antibiotic regimens used to treat IPD were of the penicillin class (intravenous
ampicillin or amoxicillin-clavulanate) in 8/54 (14.8%), ampicillin or amoxicillin-clavulanate
combined with levofloxacin or a macrolide in 23/54 (42.6%), cephalosporins in 4 (7.4%), a
cephalosporin combined with levofloxacin or a macrolide in 12 (22.2%), and levofloxacin in
7 (13.0%).

Pneumococcal vaccination with the 23-valent pneumococcal vaccine (PPV23) was
documented in 9/45 (20%) cases and 20/108 (18.5%) controls.

S. pneumoniae showed resistance to penicillin in 4/45 (8.9%) cases, to cotrimoxazole in
6/45 (13.3%), and to macrolides (erythromycin) in 4/45 (8.9%). All four cases of resistance
represented blood culture isolates.

The majority of IPD episodes had a clinical respiratory presentation, corresponding to
36/45 (80%) vs. 35/108 (32.4%) in controls (p < 0.001). On the other hand, the neurological
presentation was more frequent in controls, corresponding to 22/108 (20.4%) vs. 1/45
(2.2%) in cases. These results are presented in Supplementary Table S4. Main opportunistic
infections (tuberculosis, pneumocystis pneumonia, neurotoxoplasmosis, and meningeal
cryptococcosis) associated with cases and controls are shown in Supplementary Table S5.

Vital signs and laboratory data comparing cases and controls are presented in
Table 2. Cases presented significantly more hypotension, tachycardia, tachypnea, fever,
and hypoxemia (by pulse oximetry) than controls. There were significantly more leuko-
cytosis, neutrophilia, band forms, and lymphopenia among cases, as well as higher C-
reactive protein values (CRP). As for biochemistry, cases presented higher creatinine,
urea, AST, and total bilirubin levels, while serum albumin was lower. After adjust-
ment, the variables that remained statistically significant were as follows: mean arterial
pressure < 70 mmHg, tachypnea, elevated CRP, thrombocytopenia, leukocytosis, elevated
band forms and neutrophilia, lymphopenia, elevated urea, creatinine, and bilirubin, and
serum albumin less than 2.3 mg/dL, as presented in Table 3. These parameters are essen-
tially related to bacterial sepsis.

Table 2. Physical signs and laboratory features in PLWHA with and without IPD.

Physical Signs and
Laboratory Features All Groups (n = 163) IPD (n = 55) No IPD (n = 108) p-Value

Median [IQR] Median [IQR] Median [IQR]

Systolic blood pressure (mmHg) 110 [100;120] 100 [90;110] 110 [100;120] <0.001

Diastolic blood pressure (mmHg) 60 [60;80] 60 [60;70] 70 [60;80] 0.002

MAP (mmHg) 80 [73.33;90] 73.33 [66.67;83.33] 83.33 [73.33;93.33] <0.001

HR 101 [86;120] 112 [93;124.5] 97 [82;114] 0.014

RR 20.5 [19;27] 25 [20.5;28.5] 20 [18;24] <0.001

Temperature 37 [36.1;38.08] 37.65 [36.53;38.88] 36.8 [36;38] 0.019

Room SPO2 97 [92.75;98] 95 [90;97] 98 [94.5;99] 0.008

BMI (kg/m2) 20.3 [17.95;23.7] 21.3 [18.6;24.9] 19.6 [17.93;23.53] 0.349

Hemoglobinlevels (g/dL) 10.8 [9;12.9] 10.75 [9.15;12] 10.9 [8.95;13.35] 0.447

Platelets (10³/mm³) 224 [157;293] 214 [151.75;297.5] 232 [168.5;284.5] 0.791
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Table 2. Cont.

Physical Signs and
Laboratory Features All Groups (n = 163) IPD (n = 55) No IPD (n = 108) p-Value

Leukocytes (103/mm3) 7300 [4645;12,535] 12675 [8680;15,395] 6180 [4055;8550] <0.001

Bands (%) 5 [2;10.75] 7.5 [4.75;15.25] 3 [2;8.75] <0.001

Segmented Neutrophils (%) 70 [58;77] 72 [63.5;80] 65.5 [55.25;76] 0.017

Lymphocytes (%) 14 [8;24] 8.5 [5.75;14.25] 17 [11;30] <0.001

Creatinine (mg/dL) 1.04 [0.8;1.64] 1.64 [1.08;2.55] 0.96 [0.76;1.29] <0.001

Urea (mg/dL) 33 [25;54] 51.5 [30;96.5] 32 [22;43] <0.001

AST (IU/L) 34 [25;61.25] 48.2 [25;70.75] 33 [25;50] 0.07

ALT (IU/L) 31.8 [25;50.75] 30.5 [24.25;46.75] 33.5 [25;52.25] 0.408

Total Bilirubin (mg/dL) 0.49 [0.28;0.86] 0.57 [0.34;1.26] 0.44 [0.27;0.8] 0.074

Albumin (g/L) 2.3 [1,9;2,98] 2.1 [1,8;2.6] 2.6 [2;3.1] 0.013

Sodium (mEq/L) 134 [130;138] 133 [130;136.5] 135 [132;138] 0.061

CRP levels (mg/dL) 9.2 [3.14;20.33] 22 [10.45;28.67] 5.77 [1.14;11.51] <0.001

PLWHA = people living with the human immunodeficiency virus/acquired immunodeficiency syndrome;
IPD = invasive pneumococcal disease; IQR = interquartile range; MAP = mean arterial pressure; HR = heart rate;
RR = respiratory rate; SPO2 = peripheral blood oxygen saturation; BMI = body mass index; AST = aspartate
aminotransferase; ALT = alanine aminotransferase; CRP = C-reactive protein; p-values were calculated for the
median [interquartile range] by Mann–Whitney (Wilcoxon rank-sum test).

Table 3. Analysis of adjusted factors associated with having an infection (IPD) among HIV+ individ-
uals, taking into account the first episode.

Variables Level
IPD

OR (CI95%) p-Value aOR (CI95%) p-Value
Yes (n = 45) No (n = 108)

BMI (kg/m2)

>18 6 (28.57%) 22 (28.95%) Ref. Ref. Ref. Ref.

19–25 12 (57.14%) 42 (55.26%) 1.05
(0.35–3.17) 1 1.99

(0.38–10.3) 0.828

>26 3 (14.29%) 12 (15.79%) 0.92
(0.19–4.34) 1 1.59

(0.15–16.57) 0.828

MAP (mmHg) >70 26 (61.9%) 87 (84.47%) 0.3
(0.13–0.68) 0.003 0.17

(0.05–0.53) 0.002

HR >90 32 (78.05%) 60 (60.61%) 2.31
(1–5.37) 0.051 2.51

(0.78–8.1) 0.123

RR >22 28 (68.29%) 30 (31.58%) 4.67
(2.12–10.25) 0.000 4.79

(1.5–15.29) 0.008

Hemoglobin (g/dL) >10 27 (61.36%) 67 (63.21%) 0.92
(0.45–1.91) 0.831 1

(0.3–3.28) 0.998

CRP (mg/dL) >10 17 (73.91%) 21 (31.34%) 6.21
(2.14–17.99) 0.000 9.16

(1.98–42.38) 0.004

Platelets (10³/mm³) >225 19 (43.18%) 55 (51.89%) 0.7
(0.35–1.43) 0.332 0.24

(0.08–0.72) 0.011

Leukocytes (103/mm3) >7300 33 (76.74%) 37 (34.91%) 6.15
(2.73–13.87) <0.000 3.45

(1.12–10.56) 0.030

Bands (%) >6 30 (71.43%) 36 (34.29%) 4.79
(2.19–10.47) <0.000 4.14

(1.36–12.63) 0.012

Segmented Neutrophils (%) >70 21 (50%) 43 (40.95%) 1.44
(0.7–2.96) 0.318 3.24

(1.07–9.76) 0.037

Lymphocytes (%) >15 12 (28.57%) 64 (60.95%) 0.26
(0.12–0.56) 0.000 0.09

(0.02–0.37) <0.001

Creatinine (mg/dL) >1 32 (76.19%) 38 (35.85%) 5.73
(2.54–12.92) 0.000 9.52

(2.88–31.45) <0.001
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Table 3. Cont.

Variables Level
IPD

OR (CI95%) p-Value aOR (CI95%) p-Value
Yes (n = 45) No (n = 108)

Urea (mg/dL) >33 27 (67.5%) 42 (39.62%) 3.16
(1.47–6.82) 0.003 3.83

(1.24–11.81) 0.019

Bilirubin (mg/dL) >0.50 24 (66.67%) 44 (43.56%) 2.59
(1.17–5.75) 0.019 4.19

(1.23–14.25) 0.021

Albumin (g/L) >2.3 8 (33.33%) 35 (56.45%) 0.39
(0.14–1.03) 0.058 0.05

(0–0.63) 0.020

PLWHA = people living with the human immunodeficiency virus /acquired immunodeficiency syndrome;
IPD = invasive pneumococcal disease; HIV = human immunodeficiency virus; MAP = mean arterial pressure;
HR = heart rate; RR = respiratory rate; SPO2 = peripheral blood oxygen saturation; BMI = body mass index;
CRP = C-reactive protein; OR (CI95%) = odds-ratio of having an infection (IPD) among levels of the features
related to the reference and its 95% confidence intervals estimated by Logistic (Binomial) regression models.
aOR (CI95%) = ORs adjusted for confounding variables (i.e., patients’ age, birth sex, race/color, level of edu-
cation, household income, nadir T-CD4+ count, T-CD4+ count, and viral load (the latter two being measured
in the last six months of follow-up) and its 95% confidence intervals estimated by multiple Logistic (Binomial)
regression models.

The following risk factors were associated with IPD in PLWHA: COPD (28.9% vs.
10.3%, p = 0.009) and liver cirrhosis (20% vs. 5.6%, p = 0.015) per univariate analysis; when
the variables were adjusted in the risk factor analysis, no statistically significant factor was
found to be associated with IPD as shown in Table 4.

Table 4. Adjusted risk factors associated with IPD among PLWHA and IPD, taking into account the
first episode.

Variables Level
IPD

OR (CI95%) p-Value aOR (CI95%) p-Value
Yes (n = 45) No (n = 108)

Sex at birth Female 17 (37.78%) 37 (34.26%) 1.17 (0.57–2.4) 0.678 1.55 (0.56–4.31) 0.397

Smoking Yes 22 (48.89%) 39 (38.61%) 1.52 (0.75–3.09) 0.246 1.84 (0.65–5.18) 0.250

Drinking Yes 16 (35.56%) 31 (30.39%) 1.26 (0.6–2.65) 0.536 1.89 (0.68–5.29) 0.223

Drug use
Cocaine/crack 15 (33.33%) 18 (18.18%) 2.35 (1.04–5.29) 0.080 1.5 (0.49–4.58) 0.956

Cannabis 3 (6.67%) 5 (5.05%) 1.69 (0.38–7.55) 0.492 NC NC

COPD Yes 13 (28.89%) 11 (10.28%) 3.55 (1.45–8.7) 0.005 2.88 (0.79–10.54) 0.109

DM Yes 4 (8.89%) 4 (3.74%) 2.51 (0.6–10.52) 0.207 2.38 (0.31–18.11) 0.403

Liver cirrhosis Yes 9 (20%) 6 (5.56%) 4.25 (1.41–12.78) 0.009 3.58 (0.7–18.22) 0.125

Steroid use Yes 3 (6.67%) 5 (4.63%) 1.47 (0.34–6.44) 0.607 0.39 (0.04–4.12) 0.430

New case HIV Yes 4 (8.89%) 24 (22.22%) 0.34 (0.11–1.05) 0.060 NC NC

ART Use No 5 (11.11%) 28 (25.93%) 0.36 (0.13–0.99) 0.049 0.66 (0.11–3.9) 0.644

CD4 (cells/mm3)

<100 12 (27.27%) 42 (41.18%) Ref. Ref. Ref. Ref.

100–200 5 (11.36%) 22 (21.57%) 0.8 (0.25–2.55) 0.699 0.41 (0.07–2.42) 0.655

>200 27 (61.36%) 38 (37.25%) 2.49 (1.11–5.59) 0.055 1.46 (0.24–8.95) 0.683

Prophylaxis for OI Yes 27 (60%) 42 (38.89%) 2.36 (1.16–4.8) 0.018 2.86 (0.87–9.36) 0.082

PLWHA = people living with HIV/AIDS; IPD = invasive pneumococcal disease; HIV = human immunodeficiency
virus; COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus; ART = antiretroviral treatment;
OI = opportunistic infection; OR (CI95%) = odds-ratio of having an infection (IPD) among levels of the features
related to the reference and its 95% confidence intervals estimated by Logistic (Binomial) regression models;
aOR (CI95%) = ORs adjusted for confounding variables (i.e., patients’ age, birth sex, race/color, level of edu-
cation, household income, nadir T-CD4+ count, T-CD4+ count, and viral load (the latter two being measured
in the last six months of follow-up) and its 95% confidence intervals estimated by multiple Logistic (Binomial)
regression models.

4. Discussion

Ours was a retrospective study on IPD in PLWHA in Rio de Janeiro, Brazil, in the
years 2005 to 2020. The incidence of IPD was high as was the associated in-hospital
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mortality in patients living with HIV in our cohort during the study period. Alcoholism
and liver cirrhosis were the only factors associated with death. From 1980 to June 2020,
1,011,617 PLWHA were identified in Brazil, with an average of 39,000 new cases in the last
5 years. The annual number of PLWHA has been decreasing since 2013 when it reached
43,368 cases; in 2019, 37,308 cases were registered. The detection rate of HIV/AIDS cases has
been falling in Brazil in recent years. In 2011, this rate was 22.2 cases/100,000 inhabitants; in
2015, 20.1; in 2017, it dropped to 18.6; and in 2019, it reached 17.8 cases/100,000 inhabitants.
In a 10-year period, the detection rate showed a drop of 17.2% (according to data from the
2019 Epidemiological Bulletin [16]).

Regarding the prevention of IPD and pneumococcal pneumonia, in Brazil, the
10-valent pneumococcal vaccine has been introduced since 2010, through the PNI (National
Immunization Program). Currently, three pneumococcal vaccines are registered for use:
the 10-valent pneumococcal vaccine (PCV10), the 13-valent pneumococcal vaccine (PCV13),
and the23-valent pneumococcal vaccine (PPV23). The vaccination scheme is as follows: for
children under 5 years and with PCV10, 2 doses and 1 booster; for adults over 60 years,
1 dose of PPV23; and for patients living with HIV and other immunosuppressed patients,
1 dose of PCV13 followed by PPV23 6 to 12 months later, and a second dose of PPV23
5 years after the first. According to data from the Ministry of Health, the vaccination
coverage of the population regarding the target audience of immunosuppressed patients
was 67% in 2020 and 73% in 2019 [17].

PLWHA have a higher risk of noninvasive and invasive pneumococcal disease, which
is one of this group’s most frequent opportunistic infections, as demonstrated in several
studies [4–6,8,18]. We have studied episodes of IPD in PLWHA in a reference institute
for Infectious Diseases in Rio de Janeiro, Brazil, from 2005 to 2020, and have compared
demographic, clinical, and laboratory features of control patients, selected based on age,
gender, and healthcare scenario. The incidence of IPD was calculated based on the cohort
of PLWHA that are followed up in our institute. In our study, we included 45 patients
and 55 episodes of IPD, which we matched with 108 controls. We found an incidence of
964 episodes/100,0000 person-years in the study period of 2005 to 2020; the incidence in
the literature ranges from 245 to 1094 cases per 100,000 person-years in studies conducted
from 1990–2015 in the United States and England [4–6,18]. Interestingly, in 2020, when
the initial COVID-19 cases were identified in Rio de Janeiro, Brazil, no cases of IPD were
detected in our cohort, probably because cases were missed during this first year of the
COVID-19 pandemic.

In a case-control study by Sadlier et al. in PLWHA in Ireland, of 47 episodes of IPD
identified in 42 HIV-positive individuals, the incidence of IPD per 100,000 person-years
decreased from 728 to 242 to 82 in the periods from 2006–2008, 2009–2012, and 2013–2015,
respectively (p < 0.01 for linear trend) [4]. In our cohort, of 55 episodes in 45 patients, the
average incidence across periods increased from 710 to 1050 to1453 in the calendar periods
2005–2009, 2010–2014, and 2015–2019, respectively, which is different from the study by
Sadlier, suggesting IPD is still uniformly high in our scenario. Late diagnosis of HIV,
which is reported in a quarter of newly diagnosed HIV patients in Brazil, and low rates of
pneumococcus vaccination may have resulted in increased rates of pneumococcus infection.
On the other hand, it is possible that implementing a sepsis bundle in our emergency
department in 2013 [19,20], leading to more blood culture collection in septic patients, may
have influenced our results.

4.1. Risk Factors for IPD

Some comorbidities and lifestyle habits that have been described as associated with
IPD are male sex [4], smoking [8,9,21], alcoholism [9], injection or inhalation drug use
(cocaine, crack) [8,10,21], COPD [8,21] and liver cirrhosis. In our study, COPD and liver
cirrhosis were associated with IPD in univariate analysis and were present in almost a
quarter of patients. In the adjusted model, there was no statistically significant association.
We found no association of IPD with diabetes, corticosteroid use, cancer, and immunosup-
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pressive therapy as described in the literature for non-seropositive patients [22]—this is
possibly due to our small sample size and to the fact that our PLWHA are younger and
have these conditions less often.

From 2008 to 2021, there was a prevalence of hepatitis B/HIV co-infection of 4.9%
and hepatitis C/HIV of 8.3%, according to the 2022 Epidemiological Bulletin, with no
identification of the percentage of liver cirrhosis due to these viruses [23].

Low family income [24], education up to high school or low schooling [8], and ad-
vanced age > 65 years [4,6,8] were also associated with IPD in some studies. Other stud-
ies [5,24] found black skin color to be a risk factor for IPD. Over three-fourth so four
patients self-declared as brown or black, and the frequency was similar for both groups.
Most patients in both groups had few years of schooling and had low family income.

4.2. CD4, ART, and IPD

Recent HIV diagnosis was less frequent among cases. Pneumococcal infections occur
in PLWHA even without advanced immunosuppression [25], given the virulence of the
pathogen [26]. Several studies show that even with ART use, IPD remains a high-incidence
condition in PLWHA [4,6]. In our study, 78.4% of the groups were on ART, with the
frequency of use being higher in cases than in controls.

In our cohort, median CD4 counts were low for both cases and controls:
267.5 cells/mm3 in cases and 140 cells/mm3 in controls. Late presentation to care in
PLWHA is common in Latin America [25]. Our controls were patients recently diagnosed
with HIV who presented with severe opportunistic diseases, mainly involving the cen-
tral nervous system (neurotoxoplasmosis and cryptococcosis) and tuberculosis [27]; they
were not on ART and had low CD4 counts and high viral load at the time of admission.
In other studies, CD4 counts lower than 500 cells/mm3 [19], CD4 < 200 cells [8], and
CD4 < 100 cells/mm3 [6,9] were risk factors for IPD. In addition, having a detectable viral
load [4,8] is a risk factor for IPD, also associated with mortality. Munier et al. in 2014 in
France (2000–2011), who included 42 patients with IPD and 84 controls (patients without
IPD), identified that uncontrolled HIV replication and low CD4 cell counts were risk factors
for having IPD [28]. We could not show differences in CD4 counts and viral load between
cases and controls, possibly due to our small sample size and our selection of controls,
which resulted in a large number of severely ill, hospitalized patients.

4.3. Clinical and Laboratory Abnormalities and IPD

Our patients with IPD had significantly more hypotension, tachycardia, tachypnea,
fever, and hypoxemia than controls, in agreement with expected responses to sepsis [19].
Most patients hospitalized for IPD had systemic inflammatory response syndrome and,
also, met the criteria for infection with organ dysfunction.

Our results are comparable to laboratory results in sepsis, with significantly higher
leukocytosis, neutrophilia, band forms, and lymphopenia [19,20], as well as C-reactive
protein levels > 5 µg/mL [19,20,29]. As for biochemistry, a higher level of creatinine and
total bilirubin was noted in cases that meet the SOFA (Sequential Sepsis-related Organ
Failure Assessment) criteria of organ dysfunction. Hypotension, tachycardia, tachypnea,
elevated CRP, thrombocytopenia, leukocytosis, band forms, urea, and bilirubin remained
significantly different in multivariate analysis between cases and controls.

4.4. Mortality and IPD

In-hospital mortality (within 30 days) in our cohort was 21.1% in cases and 14.9% in
controls, while mortality in the follow-up period was 42.2% in cases and 40.7% in controls,
with no statistical difference between groups.

Although the AIDS mortality rate showed a 17.1% drop in the last 5years in Brazil,
there are no exact data for IPD deaths. IPD has been a notifiable condition in Brazil since
2014 [16], and mortality is still unacceptably high [25].
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All patients with IPD who died were transferred to the ICU due to sepsis or septic
shock. In-hospital mortality in our IPD cases was mainly due to sepsis and was relatively
low compared with mortality from sepsis in other studies. Mortality from sepsis in ICU
patients in Brazil is around 55% [30]. The mortality due to sepsis in PLWHA in the ICU
resulted mainly from lower respiratory tract infections and was about 55% in 2010 [31]; it
has decreased over the years, with ICU mortality rates of 32.3% and in-hospital mortality
rate of 40.4% in PLWHA in a recent Brazilian study [32].

4.5. Antimicrobial Sensitivity

The rate of penicillin resistance was 9%, and penicillin resistance did not correlate
with outcomes in our sample. In Brazil, the emergence of pneumococci not susceptible to
penicillin has been listed as one of the main threats to antimicrobial-resistant pathogens [33].

Grau et al., in 2005, studying 142 episodes of IPD in 122 HIV patients in Spain, obtained
an overall prevalence of strains not susceptible to penicillin of 40% [9], a rate much higher
than we found.

Most patients (60%) with IPD were on cotrimoxazole for pneumocystis and toxoplas-
mosis prophylaxis. Although cotrimoxazole may decrease bacterial infections, antibiotic
prophylaxis is not recommended for pneumococcal infection because of the risk of devel-
oping resistance [34]. Meynard et al. observed that patients with IPD and on cotrimoxazole
prophylaxis had a higher proportion of penicillin-resistant pneumococci [34]. We had a
13% overall pneumococcal resistance to cotrimoxazole.

4.6. Pneumococcal Vaccine and HIV

PLWHA are at risk for pneumococcal infections; therefore, pneumococcal vaccination
is internationally recommended. Unfortunately, vaccination with PPV23 was documented
in only 20% of cases and 18.5% of controls, which is an unacceptably low rate, as we are a
referral service with an on-site vaccination clinic and available vaccines. The PCV13 was
only made available in the Brazilian public health system in late 2019, and unfortunately,
our patients did not benefit from it.

In a Brazilian case-control study by Veras et al. in HIV patients evaluating the efficacy
of vaccination on IPD, an efficacy of 63% (95% CI:28–81%) was demonstrated [35].

A blinded clinical trial conducted in Brazil with 331 HIV-positive patients aged 18 to
60 years concluded that both PPV23 and PCV7 demonstrated persistent immunogenicity [36].

One of the limitations of our study is its retrospective nature, which limits the available
information found in patients’ notes. Our selection criterion for cases was the presence of
IPD, and most of these patients were hospitalized. Therefore, our controls, which were
chosen based on age, sex, and scenario of care, were mostly hospitalized. PLWHA who are
hospitalized are usually very ill, and this may have influenced our results. Opportunistic
diseases in HIV patients, such as cryptococcal meningitis, neurotoxoplasmosis, and other
opportunistic diseases, are associated with varying degrees of immunosuppression that
increase morbidity and mortality with worse outcomes, and this could also be considered
a limitation of our controls. This is a limitation of the study as, naturally, this group of
patients will have worse outcomes. A possible limitation is the number of patients included,
as IPD is not a commonly identified condition. We must also emphasize our results may
not be generalizable, as our practice is in the specific scenario of a research institute in a
middle-income country.

5. Conclusions

Although ART has been available for all PLWHA since 1996 in Brazil, the pneumo-
coccal disease still has a high incidence in this group. Through a case-control study, we
found that patients with HIV and IPD had a higher median CD4 count compared with
the control group (267 cells/mm3 vs. 140 cells/mm3), although both groups could be con-
sidered immunosuppressed. In-hospital mortality resulting from sepsis was high in IPDs.
Alcoholism, hepatic cirrhosis, and lower nadir CD4 count were associated with the risk of
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death in patients with IPD. Alcoholism needs to be addressed as a public health hazard.
The vaccination rate was less than 20%, which leads us to reinforce the recommendation of
vaccination with PCV13 followed by PPV23. Nadir CD4 counts were lower in PLWHA and
IPD who died, reinforcing the need for us to diagnose HIV infection early, to start treatment
as soon as possible, and to promote adherence to therapy and vaccination.
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Author Contributions: Conceptualization, R.F.M. and C.d.C.L.; methodology, R.F.M., M.C.d.S.L.
and M.R.A.; formal analysis, M.R.A.; investigation, T.d.A.L., W.M.J. and M.S.P.; data curation,
E.A.d.S.R.d.S. and M.C.d.S.L.; writing—original draft preparation, R.F.M.; writing—review and
editing, C.d.C.L., E.P.N., B.J.G., V.G.V. and S.W.C.; supervision, project administration: C.d.C.L. and
S.W.C. All authors have read and agreed to the published version of the manuscript.

Funding: Dr. Grinsztejn acknowledges funding from the National Council of Technological and
Scientific Development (CNPq) and the Research Funding Agency of the State of Rio de
Janeiro (FAPERJ).

Institutional Review Board Statement: Ethical Approval Statement: Approved by the Ethics Commit-
tee of the Instituto Nacional de Infectologia Evandro Chagas/Fiocruz (IRB n◦ 32449420.4.1001.5262),
number 4,133,994 on 13 July 2020.

Informed Consent Statement: Not applicable.

Data Availability Statement: Research data has not been made unavailable due to privacy or
ethical restrictions.

Acknowledgments: We acknowledge all hospital and outpatient staff and supporting laboratories
for their excellent care of patients and service provision.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Domínguez, A.; Salleras, L.; Fedson, D.S.; Izquierdo, C.; Ruíz, L.; Ciruela, P.; Fenoll, A.; Casal, J. Effectiveness of Pneumococcal

Vaccination for Elderly People in Catalonia, Spain: A Case-Control Study. Clin. Infect. Dis. 2005, 40, 1250–1257. [CrossRef]
[PubMed]

2. Ganaie, F.; Saad, J.S.; McGee, L.; van Tonder, A.J.; Bentley, S.D.; Lo, S.W.; Gladstone, R.A.; Turner, P.; Keenan, J.D.; Breiman, R.F.;
et al. A New Pneumococcal Capsule Type, 10D, is the 100th Serotype and Has a Large cps Fragment from an Oral Streptococcus.
mBio 2020, 11, e00937-20. [CrossRef] [PubMed]

3. Feikin, D.R.; Feldman, C.; Schuchat, A.; Janoff, E.N. Global strategies to prevent bacterial pneumonia in adults with HIV disease.
Lancet Infect. Dis. 2004, 4, 445–455. [CrossRef]

4. Sadlier, C.; O’Connell, S.; Kelleher, M.; Bergin, C. Incidence and risk factors for invasive pneumococcal disease in HIV-positive
individuals in the era of highly active antiretroviral therapy. Int. J. STD AIDS 2019, 30, 472–478. [CrossRef]

5. Heffernan, R.T.; Barrett, N.L.; Gallagher, K.M.; Hadler, J.L.; Harrison, L.H.; Reingold, A.L.; Khoshnood, K.; Holford, T.R.;
Schuchat, A. Declining incidence of invasive Streptococcus pneumoniae infections among persons with AIDS in an era of highly
active antiretroviral therapy, 1995–2000. J. Infect. Dis. 2005, 191, 2038–2045. [CrossRef]

6. Yin, Z.; Rice, B.D.; Waight, P.; Miller, E.; George, R.; Brown, A.E.; Smith, R.D.; Slack, M.; Delpech, V.C. Invasive pneumococcal
disease among HIV-positive individuals, 2000–2009. AIDS 2012, 26, 87–94. [CrossRef]

7. Sangil, A.; Xercavins, M.; Carballeira, M.R.; Andrés, M.; Riera, M.; Espejo, E.; Pérez, J.; Garau, J.; Calbo, E. Impact of vaccination
on invasive pneumococcal disease in adults with focus on the immunosuppressed. J. Infect. 2015, 71, 422–427. [CrossRef]

8. Siemieniuk, R.A.; Gregson, D.B.; Gill, M.J. The persisting burden of invasive pneumococcal disease in HIV patients: An
observational cohort study. BMC Infect. Dis. 2011, 11, 314. [CrossRef]

9. GGrau, I.; Pallarés, R.; Tubau, F.; Schulze, M.H.; Llopis, F.; Podzamczer, D.; Linares, J.; Gudiol, F. Epidemiologic changes in
bacteremic pneumococcal disease in patients with human immunodeficiency virus in the era of highly active antiretroviral
therapy. Arch. Intern. Med. 2005, 165, 1533–1540. [CrossRef]

https://www.mdpi.com/article/10.3390/tropicalmed8060328/s1
https://doi.org/10.1086/429236
https://www.ncbi.nlm.nih.gov/pubmed/15825026
https://doi.org/10.1128/mBio.00937-20
https://www.ncbi.nlm.nih.gov/pubmed/32430472
https://doi.org/10.1016/S1473-3099(04)01060-6
https://doi.org/10.1177/0956462418817034
https://doi.org/10.1086/430356
https://doi.org/10.1097/QAD.0b013e32834dcf27
https://doi.org/10.1016/j.jinf.2015.07.004
https://doi.org/10.1186/1471-2334-11-314
https://doi.org/10.1001/archinte.165.13.1533


Trop. Med. Infect. Dis. 2023, 8, 328 13 of 14

10. Kirwan, P.D.; Amin-Chowdhury, Z.; ECroxford, S.; Sheppard, C.; Fry, N.; Delpech, V.C.; Ladhani, S.N. Invasive Pneumococcal
Disease in People with Human Immunodeficiency Virus in England, 1999–2017. Clin. Infect. Dis. 2021, 73, 91–100. [CrossRef]
[PubMed]

11. van Aalst, M.; Lötsch, F.; Spijker, R.; van der Meer, J.T.; Langendam, M.W.; Goorhuis, A.; Grobusch, M.P.; de Bree, G.J. Incidence
of invasive pneumococcal disease in immunocompromised patients: A systematic review and meta-analysis. Travel Med. Infect.
Dis. 2018, 24, 89–100. [CrossRef]

12. Grinsztejn, B.; Luz, P.M.; Pacheco, A.G.; Santos, D.V.G.; Velasque, L.; Moreira, R.I.; Guimarães, M.R.C.; Nunes, E.P.; Lemos, A.S.;
Ribeiro, S.R.; et al. Changing mortality profile among HIV-infected patients in Rio de Janeiro, Brazil: Shifting from AIDS to
non-AIDS related conditions in the HAART era. PLoS ONE 2013, 8, e59768. [CrossRef] [PubMed]

13. Lamas, C.C.; Coelho, L.E.; Grinsztejn, B.J.; Veloso, V.G. Community-acquired lower respiratory tract infections in HIV-infected
patients on antiretroviral therapy: Predictors in a contemporary cohort study. Infection 2017, 45, 801–809. [CrossRef]

14. Weinstein, M.P.; Klugman, K.P.; Jones, R.N. Rationale for Revised Penicillin Susceptibility Breakpoints versus Streptococcus
pneumoniae: Coping with Antimicrobial Susceptibility in an Era of Resistance. Clin. Infect. Dis. 2009, 48, 1596–1600. [CrossRef]

15. Lehmann, E.L.; Casella, G. Theory of Point Estimation, 2nd ed.; Springer: New York, NY, USA, 1998; 589p.
16. Ministerio de Saude. Boletim Epidemiológico HIV/Aids 2020 | Departamento de Doenças de Condições Crônicas e Infecções Sex-

ualmente Transmissíveis [Internet]. 2020. Available online: http://www.aids.gov.br/pt-br/pub/2020/boletim-epidemiologico-
hivaids-2020 (accessed on 15 October 2021).

17. 20221220_vacina_pneumococica13_cp_98.pdf. Available online: https://www.gov.br/conitec/pt-br/midias/consultas/
relatorios/2022/20221220_vacina_pneumococica13_cp_98.pdf (accessed on 1 June 2023).

18. Dworkin, M.S.; Ward, J.W.; Hanson, D.L.; Jones, J.L.; Kaplan, J.E. Adult and Adolescent Spectrum of HIV Disease Project.
Pneumococcal disease among human immunodeficiency virus-infected persons: Incidence, risk factors, and impact of vaccination.
Clin. Infect. Dis. 2001, 32, 794–800. [CrossRef]

19. Seymour, C.W.; Liu, V.X.; Iwashyna, T.J.; Brunkhorst, F.M.; Rea, T.D.; Scherag, A.; Rubenfeld, G.; Kahn, J.M.; Shankar-Hari, M.;
Singer, M.; et al. Assessment of Clinical Criteria for Sepsis: For the Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA 2016, 315, 762–774. [CrossRef] [PubMed]

20. Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; Mcintyre, L.;
Ostermann, M.; Prescott, H.C.; et al. Surviving sepsis campaign: International guidelines for management of sepsis
and septic shock 2021. Intensive Care Med. 2021, 47, 1181–1247. [CrossRef] [PubMed]

21. Garcia Garrido, H.M.; Mak, A.M.R.; Wit, F.W.N.M.; Wong, G.W.M.; Knol, M.J.; Vollaard, A.; Tanck, M.W.T.; Ende, A.V.D.;
Grobusch, M.P.; Goorhuis, A. Incidence and Risk Factors for Invasive Pneumococcal Disease and Community-acquired Pneumonia
in Human Immunodeficiency Virus-Infected Individuals in a High-income Setting. Clin. Infect. Dis. Off Publ. Infect. Dis. Soc. Am.
2019, 71, 41–50. [CrossRef]

22. Kyaw, M.H.; Rose, J.C.E.; Fry, A.M.; Singleton, J.A.; Moore, Z.; Zell, E.R.; Whitney, C.G.; Active Bacterial Core Surveillance Program
of the Emerging Infections Program Network. The influence of chronic illnesses on the incidence of invasive pneumococcal
disease in adults. J. Infect. Dis. 2005, 192, 377–386. [CrossRef]

23. Boletim-Epidemiologico-de-Hepatites-Virais-2022-Numero-Especial.pdf. Available online: https://www.gov.br/saude/pt-br/
centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-hepatites-virais-20
22-numero-especial (accessed on 1 June 2023).

24. Nuorti, J.P.; Butler, J.C.; Gelling, L.; Kool, J.L.; Reingold, A.L.; Vugia, D.J. Epidemiologic Relation between HIV and Invasive
Pneumococcal Disease in San Francisco County, California. Ann. Intern. Med. 2000, 132, 182–190. [CrossRef]

25. Belaunzarán-Zamudio, P.F.; Caro-Vega, Y.N.; Shepherd, B.E.; Rebeiro, P.F.; Crabtree-Ramírez, B.E.; Cortes, C.P.; Grinsztejn, B.;
Gotuzzo, E.; Mejia, F.; Padgett, D.; et al. The Population Impact of Late Presentation with Advanced HIV Disease and Delayed
Antiretroviral Therapy in Adults Receiving HIV Care in Latin America. Am. J. Epidemiol. 2020, 189, 564–572. [CrossRef] [PubMed]

26. Paton, J.C.; Andrew, P.W.; Boulnois, G.J.; Mitchell, T.J. Molecular analysis of the pathogenicity of Streptococcus pneumoniae: The
Role of Pneumococcal Proteins. Annu. Rev. Microbiol. 1993, 47, 89–115. [CrossRef]

27. Spec, A. Powderly WG. Chapter 11—Cryptococcal meningitis in AIDS. In Handbook of Clinical Neurology; Em: Brew BJ, organizador;
The Neurology of HIV Infection; Elsevier: Amsterdam, The Netherlands, 2018; Volume 152, pp. 139–150.

28. Munier, A.L.; de Lastours, V.; Porcher, R.; Donay, J.L.; Pons, J.L.; Molina, J.M. Risk factors for invasive pneumococcal disease in
HIV-infected adults in France in the highly active antiretroviral therapy era. Int. J. STD AIDS 2014, 25, 1022–1028. [CrossRef]
[PubMed]

29. Kuller, L.H.; Tracy, R.; Belloso, W.; Wit, S.D.; Drummond, F.; Lane, H.C.; Ledergerber, B.; Lundgren, J.; Neuhaus, J.; Nixon, D.; et al.
Inflammatory and Coagulation Biomarkers and Mortality in Patients with HIV Infection. PLoS Med. 2008, 5, e203. [CrossRef]
[PubMed]

30. Machado, F.R.; Cavalcanti, A.B.; Bozza, F.A.; Ferreira, E.M.; Angotti Carrara, F.S.; Sousa, J.L.; Caixeta, N.; Salomao, R.;
Angus, D.C.; Pontes Azevedo, L.C.; et al. The epidemiology of sepsis in Brazilian intensive care units (the Sepsis PREva-
lence Assessment Database SPREAD): An observational study. Lancet Infect. Dis. 2017, 17, 1180–1189.

31. Japiassú, A.M.; Amâncio, R.T.; Mesquita, E.C.; Medeiros, D.M.; Bernal, H.B.; Nunes, E.P.; Luz, P.M.; Grinsztejn, B.; Bozza, F.A.
Sepsis is a major determinant of outcome in critically ill HIV/AIDS patients. Crit. Care 2010, 14, R152. [CrossRef]

https://doi.org/10.1093/cid/ciaa522
https://www.ncbi.nlm.nih.gov/pubmed/32789498
https://doi.org/10.1016/j.tmaid.2018.05.016
https://doi.org/10.1371/journal.pone.0059768
https://www.ncbi.nlm.nih.gov/pubmed/23577074
https://doi.org/10.1007/s15010-017-1041-0
https://doi.org/10.1086/598975
http://www.aids.gov.br/pt-br/pub/2020/boletim-epidemiologico-hivaids-2020
http://www.aids.gov.br/pt-br/pub/2020/boletim-epidemiologico-hivaids-2020
https://www.gov.br/conitec/pt-br/midias/consultas/relatorios/2022/20221220_vacina_pneumococica13_cp_98.pdf
https://www.gov.br/conitec/pt-br/midias/consultas/relatorios/2022/20221220_vacina_pneumococica13_cp_98.pdf
https://doi.org/10.1086/319218
https://doi.org/10.1001/jama.2016.0288
https://www.ncbi.nlm.nih.gov/pubmed/26903335
https://doi.org/10.1007/s00134-021-06506-y
https://www.ncbi.nlm.nih.gov/pubmed/34599691
https://doi.org/10.1093/cid/ciz728
https://doi.org/10.1086/431521
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-hepatites-virais-2022-numero-especial
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-hepatites-virais-2022-numero-especial
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-hepatites-virais-2022-numero-especial
https://doi.org/10.7326/0003-4819-132-3-200002010-00003
https://doi.org/10.1093/aje/kwz252
https://www.ncbi.nlm.nih.gov/pubmed/31667488
https://doi.org/10.1146/annurev.mi.47.100193.000513
https://doi.org/10.1177/0956462414528316
https://www.ncbi.nlm.nih.gov/pubmed/24676129
https://doi.org/10.1371/journal.pmed.0050203
https://www.ncbi.nlm.nih.gov/pubmed/18942885
https://doi.org/10.1186/cc9221


Trop. Med. Infect. Dis. 2023, 8, 328 14 of 14

32. Andrade, H.; Da Silva, I.; Ramos, G.; Medeiros, D.; Ho, Y.; Carvalho, F.; Bozza, F.; Japiassú, A. Short- and medium-term prognosis
of HIV-infected patients receiving intensive care: A Brazilian multicentre prospective cohort study. HIV Med. 2020, 21, 650–658.
[CrossRef]

33. Barroso, D.E.; Godoy, D.; Castiñeiras, T.M.P.P.; Tulenko, M.M.; Rebelo, M.C.; Harrison, L.H. β-Lactam resistance, serotype
distribution, and genotypes of meningitis-causing Streptococcus pneumoniae, Rio de Janeiro, Brazil. Pediatr. Infect. Dis. J. 2012, 31,
30–36. [CrossRef]

34. Meynard, J.L.; Barbut, F.; Blum, L.; Guiguet, M.; Chouaid, C.; Meyohas, M.C.; Picard, O.; Petit, J.C.; Frottier, J. Risk Factors
for Isolation of Streptococcus pneumoniae with Decreased Susceptibility to Penicillin G from Patients Infected with Human
Immunodeficiency Virus. Clin. Infect. Dis. 1996, 22, 437–440. [CrossRef]

35. Veras, M.A.S.; Enanoria, W.T.; Castilho, E.A.; Reingold, A.L. Effectiveness of the polysaccharide pneumococcal vaccine among
HIV-infected persons in Brazil: A case control study. BMC Infect. Dis. 2007, 7, 119. [CrossRef]

36. Ho, Y.-L.; Brandão, A.P.; de CuntoBrandileone, M.C.; Lopes, M.H. Immunogenicity and safety of pneumococcal conjugate
polysaccharide and free polysaccharide vaccines alone or combined in HIV-infected adults in Brazil. Vaccine 2013, 31, 4047–4053.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/hiv.12939
https://doi.org/10.1097/INF.0b013e31822f8a92
https://doi.org/10.1093/clinids/22.3.437
https://doi.org/10.1186/1471-2334-7-119
https://doi.org/10.1016/j.vaccine.2013.04.065
https://www.ncbi.nlm.nih.gov/pubmed/23684823

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Risk Factors for IPD 
	CD4, ART, and IPD 
	Clinical and Laboratory Abnormalities and IPD 
	Mortality and IPD 
	Antimicrobial Sensitivity 
	Pneumococcal Vaccine and HIV 

	Conclusions 
	References

