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OBJECTIVE Patients with sickle cell disease (SCD) are at increased risk for invasive pneumococcal disease
(IPD) caused by Streptococcus pneumoniae. Immunization and antimicrobial prophylaxis may prevent this
complication, and landmark clinical trials support discontinuation of antimicrobial prophylaxis at age 5 years.
However, antimicrobial prophylaxis continues in some patients indefinitely. The objective of this study was
to evaluate the incidence of culture-positive IPD and other infections in the setting of penicillin prophylaxis

in the pediatric SCD population.

METHODS This was a single-center, retrospective cohort study of patients with SCD who continued antimi-
crobial prophylaxis with penicillin, compared with those whose antimicrobial prophylaxis was discontinued.
Included patients were aged 5 to 18 years during the study period and had no history of IPD or surgical
splenectomy. Patient charts were reviewed for demographics, immunizations, penicillin prescription history,

and microbiologic culture data.

RESULTS Antimicrobial prophylaxis continued beyond age 5 years in 65% of patients, a higher percentage
of whom had hemoglobin SS or S beta-zero disease. No patients whose antimicrobial prophylaxis was
discontinued experienced IPD; 1 patient who continued antimicrobial prophylaxis died of S pneumoniae
sepsis. Rates of other infections were comparable between groups (21% in prophylaxis versus 18% in no

prophylaxis).

CONCLUSIONS These results support appropriate de-prescribing of antimicrobial prophylaxis in patients with
SCD who are not at high risk for IPD. Further multicenter studies are needed to evaluate consequences

of antimicrobial prophylaxis with alternative agents on antibiotic resistance, examine provider rationale

for continuation of antimicrobial prophylaxis, and assess quality of life effects (e.g., medication adherence,

adverse drug reactions) of antimicrobial prophylaxis.

ABBREVIATIONS HbS, hemoglobin S mutation; ICD, International Classification of Disease; IPD, invasive
pneumococcal disease; PCV, pneumococcal conjugate vaccine; PCV-7, pneumococcal conjugate vaccine,
7-valent; PCV-13, pneumococcal conjugate vaccine, 13-valent; PPSV-23, pneumococcal polysaccharide vac-
cine, 23-valent; PROPS, Prophylaxis with oral penicillin in children with sickle cell anemia; SBO, hemoglobin
S beta-zero disease; SCD, sickle cell disease; SS, hemoglobin SS disease
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Introduction

Sickle cell disease (SCD) is a heritable disorder
caused by gene mutations that lead to malformation of
red blood cells. The genes implicated in SCD include
hemoglobin S, C, beta-zero, and beta-plus, which af-
fect the formation of beta globin, a protein subunit of
hemoglobin. These mutations cause substitution of a
hydrophilic amino acid residue for one that is hydro-
phobic, leading to sickling, where the biconcave disc-
shaped erythrocytes become flattened and brittle. This
change in structure leads to a shortened cellular lifes-
pan that predisposes individuals to small vasculature

occlusion.! Patients who are homozygous for the sickled
hemoglobin gene (HbS) typically have the most severe
presentation. Acute complications include pain crises,
stroke, and invasive pneumococcal infections such
as bacteremia, meningitis, and pneumonia, which are
namely due to development of asplenia.

As SCD progresses, children gradually lose splenic
function owing to vaso-occlusion leading to tissue
ischemia. The spleen is involved with the opsonization
of encapsulated pathogens, a complement-mediated
process that tags them for removal by phagocyto-
sis.2 Hyposplenia or asplenia limits this process and
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consequentially blunts the immune response against
a nascent infection. The functional asplenia seen in
patients with SCD thus leaves them at particular risk
for invasive infection due to encapsulated organisms,
including Streptococcus pneumoniae. In the absence
of a functional spleen, this blunted infectious response
is typically overcome via acquired immune function
that develops throughout childhood. A lack of acquired
immunity leaves younger children at highest risk. Ac-
cordingly, the case-fatality rate of pneumococcal bac-
teremia in children with SCD younger than 3 years is
reported to be as high as 24%.2 Aside from the passage
of time, another crucial intervention for reducing the
incidence of pneumococcal infection is the proliferation
of pneumococcal conjugate vaccines (PCVs). Studies
have shown not only a reduced incidence of invasive
pneumococcal disease (IPD) in older pediatric patients,
but also the incidence has further declined following the
uptake of newer iterations of pneumococcal vaccines
(PCV-13) that cover a broader range of serotypes.3*
Pneumococcal polysaccharide vaccine, 23-valent
(PPSV-23) is recommended in patients with SCD to con-
fer further protection against pneumococcal infections,
but no data exist that specifically evaluate the uptake
of this vaccine and its effectiveness at preventing IPD.®

In addition to vaccinations, another critical interven-
tion for the prevention of IPD is antimicrobial prophy-
laxis against S pneumoniae. The Prophylaxis with oral
penicillin in children with sickle cell anemia (PROPS)
trial® established the efficacy of antimicrobial prophy-
laxis with penicillin at preventing IPD, and the follow-up
PROPS-II study’ demonstrated the safety of discontinu-
ation in patients following their fifth birthday (absent
any prior IPD or splenectomy). On the basis of these
2 studies, the national Evidence-Based Management
of SCD Expert Consensus Report recommends the
discontinuation of penicillin prophylaxis at age 5 years,
with the exclusion of patients with surgical asplenia or
a prior invasive pneumococcal infection.?2 Conversely,
the guidelines maintained by the British Society for
Standards in Hematology recommend lifelong penicil-
lin prophylaxis in high-risk patients, which includes
patients with surgical asplenia, prior IPD, age less than
16 years, and age greater than 50 years, citing literature
in the non—sickle cell population with hyposplenia or
asplenia. Notably, these guidelines include recommen-
dations for patients with sickle cell disease but are not
specific to this population.®

These divergent recommendations are potentially
contributory to substantial differences in practice across
sickle cell centers; of note, practice at our institution is
generally to continue antimicrobial prophylaxis in most
patients.® The objective of this study was to describe
our institution’s incidence of IPD in patients who con-
tinued antimicrobial prophylaxis beyond age 5 years as
compared with those whose antimicrobial prophylaxis
was discontinued. Our secondary objectives were to

describe the incidence of positive cultures (any or-
ganism from any source) in patients who continued
antimicrobial prophylaxis as compared with those
whose antimicrobial prophylaxis was discontinued, as
well as the age at which antimicrobial prophylaxis was
discontinued.

Materials and Methods

This was a single-center, retrospective, comparative
cohort study conducted at a large, academic, freestand-
ing children’s hospital in the northeastern United States.
Our comprehensive SCD center is an interdisciplinary
clinic that manages almost a thousand children, ado-
lescents, and young adults with SCD across a large
metropolitan area.

Patients with SCD were identified by using ICD-9"
and/or ICD-10"™ codes and were included if they were
between the ages of 5 and 18 years during the study
period (January 1, 2010—December 31, 2020) and did
not have an episode of IPD or a history of splenectomy
prior to age 5 years. Billing codes used for subject
screening are listed in the Supplemental Table. Pa-
tients who received initial antimicrobial prophylaxis
with an antibiotic other than penicillin were also ex-
cluded. Demographic data included age, sex, race
and ethnicity, and immunization status (receipt of any
doses of PCV-7, PCV-13, or PPSV-23 as documented
during inpatient admission). Patient electronic medi-
cal records were reviewed for penicillin antimicrobial
prophylaxis prescriptions (250 mg by mouth twice
daily), including discontinuation dates if applicable,
and cultures from any source. Patient records were
reviewed from age 5 years until age 18 years, or the
end of the study period, whichever came sooner.
Cultures positive for S pneumoniae were reviewed
for antibiotic resistance, if available. For the purposes
of the primary outcome, repeated positive cultures
were only counted as a single instance of IPD. Data
were analyzed with measures of central tendency
reported as mean + SD for continuous data or counts
and percentages for categorical data.

Results

A total of 617 patients were included for analysis
(Supplemental Figure S1 for subject screening). Most
patients had hemoglobin SS disease (n = 414, 67%)
and were Black (n = 585, 95%). Receipt of any pneu-
mococcal immunizations (PCV-7 or -13 or PPSV-23) was
documented in 87% of patients (n = 537). Full patient
demographics are presented in Table 1.

Sixty-five percent of patients (n = 399) remained on
antimicrobial prophylaxis beyond age 18 years or at
the end of the study period, with the remaining 218
patients’ antimicrobial prophylaxis being discontinued
at a mean age of 11.98 + 4.21 years. Continuation of
prophylaxis by genotype is presented in Supplemental
Figure S2; a higher percentage of patients with more
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Table 1. Subject Demographics

N =617

Sex, n (%)

Female 314 (51)
Race, n (%)

Black 585 (95)

All other races 32 (5)
Ethnicity, n (%)

Non-Hispanic 586 (95)

Hispanic or Latino 18 (3)

Did not disclose 13 (2)
Genotype, n (%)

SS 414 (67)

sC 147 (24)

SB+ 39 (6)

SBO 14 (2)

Unknown 3(<1)
On prophylaxis beyond age 18 yr or
at end of study period, n (%) 399 (65)
Age of discontinuation, mean + SD, yr 11.98 £+ 4.21

SB+, hemoglobin S beta-plus disease; SBO, SBO, hemoglobin S beta-
zero disease; SC, SC, hemoglobin SC disease; SS, hemoglobin SS
disease.

severe genotypes (SS [hemoglobin SS disease] and
SBO [hemoglobin S beta-zero disease]) continued
antimicrobial prophylaxis. Of those patients whose an-
timicrobial prophylaxis was discontinued, annual rates
of de-prescribing ranged from 6% to 13% of patients
over the 10-year study period.

A total of 5267 cultures were reviewed from all
body fluid and tissue sites. Only 1 patient was found
to have IPD, presenting as S pneumoniae bacteremia
that was positive in 2 of 2 blood cultures. This patient,
a 13-year-old female with hemoglobin SS disease, was
on antimicrobial prophylaxis at the time of infection.
She experienced cardiac arrest and following return of
spontaneous circulation, died secondary to septic shock
leading to multisystem organ failure. This patient had
completed a PCV-13 series and had received 2 doses
of PPSV-23, administered 3 years apart (as compared
with recommended 5-year interval between doses).
The isolated pathogen was not serotyped, and thus
resistance testing was not completed. This amounts to
a 0.025% incidence of IPD in patients who continued
antimicrobial prophylaxis (1/399); no patients whose an-
timicrobial prophylaxis was discontinued developed IPD.

After repeated results were excluded, a total of 160
cultures were positive. The rate of positive non-pneu-
mococcal cultures was similar between both groups:
21% of patients receiving antimicrobial prophylaxis
had a positive culture (114 cultures across 84 patients),
compared with 18% of patients without antimicrobial
prophylaxis (56 cultures across 39 patients). Culture
data are presented by site and by pathogen in Table 2.

Table 2. Positive Cultures by Site and Organism

Patients On Patients Off
Antimicrobial  Antimicrobial
Prophylaxis Prophylaxis
n =399 n=218
Patients with a 84 (21) 39 (18)
positive culture, n (%)
Positive cultures, n 14 56
Urine culture n="54 n=35
Escherichia coli 17 15
Normal/mixed flora 14 9
Non-speciated 13 N/A
Gram-positive
organisms
Others 10 1
Blood culture n=16 n=18
Staphylococcus spp 5 5
Streptococcus spp 2 3
(not S pneumoniae)
Escherichia coli 1 2
S pneumoniae 1 N/A
Others 7 8

N/A, not applicable

Discussion

Our findings show that antimicrobial prophylaxis is
continued beyond age 5 years in most patients with
SCD at our institution. IPD rarely occurs in patients,
regardless of antimicrobial prophylaxis. The similar
incidence of IPD in our study population (1 case of
IPD in 399 patients on antimicrobial prophylaxis, with
no cases in 218 patients off antimicrobial prophylaxis)
and the study population in PROPS-II (2 cases of IPD in
200 patients on antimicrobial prophylaxis and 4 cases
in 200 patients off antimicrobial prophylaxis) appears
to support discontinuation of antimicrobial prophylaxis
in patients who are not at increased risk of IPD at age
5 years (e.g., those with complete pneumococcal im-
munization and without a history of IPD).%” Of note,
PROPS-II” only included patients with hemoglobin SS
and hemoglobin SBO disease, whereas our study in-
cluded patients from all SCD genotypes. Reassuringly,
available data suggest a low incidence of IPD in the
post-vaccine era, which we expect also contributed
to our population having an overall lower rate of IPD
relative to previous studies.* Findings of non-pneumo-
coccal positive cultures were similar between groups;
resistance was not specifically evaluated, but penicillin
does not confer intrinsic activity against many of the
pathogens detected, therefore effects were likely
minimal. Based on these data, continued antimicrobial
prophylaxis with penicillin does not appear to affect
non-pneumococcal infections.

The annual number of patients whose prophylaxis
was discontinued did not appear to increase over the
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course of the study period (annually, a range of 14 to 28
patients’ antimicrobial prophylaxis was discontinued
from 2011-2020). In consultation with hematologists
at our institution, continuation of antimicrobial prophy-
laxis is discussed with all patients who are appropriate
for discontinuation per the National Heart, Lung, and
Blood Institute guidelines (age greater than 5 years,
fully immunized without a history of IPD or surgical
splenectomy)®. Practice at our institution is generally
more conservative than guideline recommendations,
with antimicrobial prophylaxis being continued in
most patients and most frequently continued in pa-
tients with more severe genotypes (SS and SBO). This
is congruent with a previously published survey of
hematologists practicing in the United States, which
demonstrated that approximately 25% continue
prophylaxis in all patients, citing benefit of ongoing
use outweighing the risk of adverse drug reaction or
antibiotic resistance. In our study, in patients whose
antimicrobial prophylaxis is continued beyond age
5 years, discontinuation often occurs just before age
12 years following shared decision-making discussions
with families. We expected to see rates of discontinu-
ation proportionally increase with the proliferation of
pneumococcal immunization, but this was not borne
out by our findings. With further uptake of pneumo-
coccal immunization and additional data, such as this
study, that suggest antimicrobial prophylaxis can safely
be de-prescribed, we expect to see discontinuation of
antimicrobial prophylaxis to increase.

This study is not without limitations. There are
multiple SCD centers in the metropolitan area, and
the single-center design cannot completely reflect
the management of the region-wide sickle cell
population. Similarly, patients included in our study
population may have received treatment for infectious
complications at neighboring institutions, which our
dataset does not include. Cultures are not typically
collected for acute chest syndrome, a common infec-
tious complication of SCD. Notably, the PROPS® and
PROPS-II" trials did not include acute chest syndrome
in their definition of IPD, so we do not expect that our
overall incidence of IPD was affected. Streptococcus
pneumoniae is rarely a documented cause of acute
chest syndrome (<5%) and other common causative
pathogens (Mycoplasma and Chlamydia spp) are not
covered by penicillin and thus, penicillin is not likely
to affect the incidence of acute chest syndrome®®
To mirror the intervention studied by PROPS® and
PROPS-II,” we only included antimicrobial prophy-
laxis with penicillin, which excluded several hundred
patients. Expanding future studies to include pro-
phylaxis with other antibiotics would be useful both
in evaluating the incidence of IPD and in appraising
the effects of chronic use of comparatively broader
spectrum agents (e.g., amoxicillin, erythromycin) on
selection for resistant pathogens.

Only immunizations that were documented during
an inpatient encounter were included in our dataset;
thus, immunization records for patients who did not
have inpatient encounters are potentially incomplete.
Had outpatient immunization records, as well as those
from other institutions, been included, we expect that
immunization rates would have been higher, because
our physician colleagues routinely advocate for vacci-
nations during inpatient and outpatient visits. The “any”
versus “none” paradigm used for reporting immuniza-
tion status also includes patients who are incompletely
immunized and at higher risk of infection.

Medication adherence, reason for discontinuation,
and other comorbid medical problems were not ad-
dressed as part of this study. Future studies incorporat-
ing these whole-patient considerations and their effects
on medication adherence, as well as the pharmacist’s
role in addressing barriers to adherence, are needed
to evaluate the role of antimicrobial prophylaxis more
comprehensively in patients with SCD. Rates of adverse
drug reactions (poor taste, gastrointestinal discomfort,
and allergic reaction, among others) to penicillin have
been reported as low in previous studies on antimi-
crobial prophylaxis in SCD, but future studies should
evaluate these effects owing to their potentially con-
siderable effect on patient and family quality of life.5”
Finally, discrepancies between billing codes used in the
usual course of patient care and those used for subject
screening may have led to an unintended exclusion of
patients from the study population.

Conclusion

The results found in this study support appropriate
de-prescribing of antimicrobial prophylaxis in patients
with SCD who are not at high risk for IPD. Further mul-
ticenter studies are needed to evaluate the effects of
antimicrobial prophylaxis with alternative agents on an-
tibiotic resistance, examine provider rationale for con-
tinuation of antimicrobial prophylaxis, and evaluate the
quality of life effects (e.g., medication adherence and
adverse drug reactions) of antimicrobial prophylaxis.
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