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Abstract

Background: Patients with sickle cell disease are at higher risk of infections with
encapsulated bacteria due to immature immune responses and functional asplenia. We
aimed to study our patient population for the emergence of gram-negative organisms
other than Salmonella as the cause of osteomyelitis and document a vast decrease in
Streptococcus pneumoniae bacteremia rates.

Methods: We conducted a retrospective chart review of 158 patients with sickle
cell disease registered at our hospital. Over a period of 13 years, every patient
presenting to the emergency department (ED) with fever had their medical record
reviewed for blood cultures, wound cultures, and magnetic resonance imaging results
for osteomyelitis.

Results: The number of patients presenting to the ED with fever was 105, with 581
febrile episodes and 893 blood cultures. Among those, no culture grew Streptococ-
cus pneumoniae, 14 grew coagulase-negative staphylococci (1.5%), one grew Salmonella
enterica Paratyphi B, and three grew Salmonella enterica group C (in the same patient).
The total number of osteomyelitis episodes in patients with sickle cell disease present-
ing with fever and documented by imaging was nine (1.5%). In patients with osteomyeli-
tis, organisms were isolated in four patients (44%), including Enterobacter cloacae, Bac-
teroides, Pseudomonas aeruginosa, and Salmonella enterica group C.

Conclusions: Immunization against Streptococcus pneumoniae and the use of prophy-
lactic penicillin has virtually eliminated pneumococcal bacteremia among our patients.
We observed the emergence of gram-negative organisms other than Salmonella as the

cause of osteomyelitis in patients with sickle cell disease.
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1 | INTRODUCTION

Sickle cell disease (SCD) refers to a group of inherited red blood cell dis-

orders whereby affected people have abnormal hemoglobin molecules,

Abbreviations: AUBMC, American University of Beirut Medical Center; ED, emergency
department; HbS, hemoglobin S; IRB, institutional review board; MRI, magnetic resonance

known as hemoglobin S (HbS). These hemoglobin molecules polymerize

upon deoxygenation, forming large, rigid chains that cause red blood

imaging; PCV7 or PCV 13, pneumococcal conjugate vaccines: 7 or 13 valent; PPSV23,

pneumococcal polysaccharide vaccines: 23 valent; SCD, sickle cell disease

cells to bend into irregular shapes. This leads to vaso-occlusive crises,
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hemolytic anemia, and increased susceptibility to infections.! Of par-
ticular importance are bacteremia and osteomyelitis, which occur due
to hyposplenia and poor opsonization of polysaccharide antigens sec-
ondary to impaired complement activity.2® The risk of bacteremia in
patients with SCD presenting with fever had previously been reported
to be around 3% to 5%.* However, with the introduction of peni-
cillin prophylaxis and immunization against Streptococcus pneumoniae
and Haemophilus influenzae serotype b, the risk of bacteremia has
decreased.> More recent literature has reported lower rates of bac-
teremia in patients with SCD ranging from < 1% to 3.4% in different
reports.*~¢ Bacteremia in patients with SCD has been mostly related to
invasive pneumococcal disease.” Osteomyelitis, on the other hand, has
been attributed to Salmonella species and Staphylococcus aureus.28 SCD
causes bone infarctions due to sluggish microcirculation, which leads to
this increased susceptibility to osteoarticular infections.? In this study,
we aimed to review the rates of bacteremia and osteomyelitis in our
patients with SCD, most of whom had received either pneumococcal
polysaccharide vaccines (PPSV23), pneumococcal conjugate vaccines
(PCV7 or PCV13), or both. This knowledge will guide us in the choice of

empiric antimicrobials for patients with SCD presenting with fever.

2 | METHODS
2.1 | Study design

This was a retrospective cohort study of medical records of all patients
with SCD who presented with fever to the emergency department (ED)
at the American University of Beirut Medical Center (AUBMC) from
January 2002 to December 2015.

All patients registered in the AUBMC SCD database (158 patients)
were included in the study. In this cohort, we reviewed patients who
presented with fever > 38°C documented at home and/or in the ED.

Patients presenting with multiple episodes of fever during the study
period were included separately if more than 30 days elapsed between
each fever episode. Otherwise, a fever episode was considered related
to the previous episode if it recurred in less than 30 days.

The study was approved by the institutional review board (IRB) at
AUBMC.

2.2 | Data collection

Data collected included basic demographics (age and sex), type of SCD,
immunization status, splenectomy, use of penicillin prophylaxis, and
other medications. Laboratory parameters included results of blood
culture, wound cultures, bacterial identification by 16S ribosomal DNA
sequencing. The 16S rDNA was not available at our institution locally
until May 2016. Prior to 2016, specimens would be shipped to a lab-
oratory in Europe for 16S testing. The decision to check for 16S was
based on a case-by-case basis (depending on previous antibiotic use
in addition to the availability of financial coverage) and antimicrobial

susceptibility patterns. Imaging results were reviewed, in particular

magnetic resonance imaging (MRI) results for patients diagnosed with
osteomyelitis.

2.3 | Definitions

Bacteremia was defined by the growth of organisms in blood cul-
ture. Osteomyelitis was defined as persistent fever, pain, and the pres-
ence of MRI findings consistent with acute osteomyelitis. All MRIs
were reviewed by a musculoskeletal radiologist (NK). Although bone
infarcts on MRI have classical central fat signal with low signal intensity
rim, MRI findings of osteomyelitis in its acute, subacute, and chronic
phases are well described in the radiology literature as showing patchy
enhancing bone marrow edema, Brodie’s abscess, linear serpiginous
sinus tract, periostitis, granulation ring, sclerosis, and sequestrum in
the late chronic phase.” However, some difficulty rose in cases where
acute ischemia on top of a bone infarct was difficult to differentiate
from infection superimposed on an infarct. In these cases, the sever-
ity of enhancing bone marrow edema and presence of overlying soft-
tissue infection rendered the diagnosis of infected infarction more
likely. Some cases, however, could only be diagnosed after biopsy.

The MRI studies were performed on 1.5T and 3T magnets (Philips
Healthcare, Eindhoven, Netherlands). Several multiplanar sequences
were used, including T1- and T2-weighted spin-echo, short-tau-
inversion recovery. Additional T1-weighted fat saturation before and
after IV contrast administration was obtained using gadolinium-based
contrast material (Gadoterate-meglumine [Dotarem], 0.5 mmol/mL,
injected at an individual dose of 0.1 mmol/kg).

2.4 | Statistical analysis

Descriptive analyses were performed by using frequency distribu-
tions or rates. Means were used to describe the demographic data
and patients’ baseline characteristics. All statistical analyses were per-
formed using the Statistical Package for Social Sciences (SPSS) pro-
gram, version 24.0 for Windows (IBM, Armonk, NY).

3 | RESULTS

3.1 | Demographic characteristics and description
of the cohort

A total of 158 patients with SCD are registered in the AUBMC
database. The hemoglobinopathy patterns are distributed as follows:
117 patients with HbSS (74%), 36 with HbSg thal (23%), two with HbSC
(1%), two with HbSD (1%), and one with HbSO Arab (1%) (Table 1). The
ages of the patients ranged between 3 and 40 years, with a mean age of
16 years and a median of 15 years.

The majority of the patients had received pneumococcal vaccination
(n = 107, 67.7%). Among the patients, 107 patients (67.7%) received

one of the pneumococcal conjugate vaccines (PCV7 or PCV13) and
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TABLE 1 Demographic and clinical characteristics of patients with
SCD

Number of patients

Demographic characteristics total 158 N (%)

Sex
Male 78 (49%)
Female 80 (51%)

Age group (in years)

0-2 4

2-10 54
10-16 37
>16 63

Hemoglobinopathies
Sickle cell type, n (%)

HbSS 117 (74%)
HbSB 36 (23%)
HbSp+ 24 (15%)
HbSR° 12 (8%)
HbSC 2 (1%)
HbSD 2 (1%)
HbSO Arab 1(1%)
Splenectomy 62 (39%)
Antibiotics and immunizations
Penicillin prophylaxis 86 (47%)
Pneumococcal vaccination (any) 107 (68%)
Pneumococcal polysaccharide vaccine 70 (44%)
Pneumococcal conjugate vaccine 107 (68%)
Both vaccines 70 (44%)

70 patients (44.30%) received both the pneumococcal polysaccha-
ride and conjugate vaccines. Most of the patients were maintained on
hydroxyurea (n = 104, 63%), whereas only 47% were receiving peni-
cillin prophylaxis.

During the study period, 105 patients (66%) presented to the ED
with fever with a total of 581 febrile episodes. Most of the febrile
episodes occurred in males (n = 341, 59%) with a male-to-female ratio
of 1.42:1. Among the patients presenting with febrile episodes, a his-
tory of splenectomy was present in 45.70% of the patients. None of
the patients had a central venous catheter at the time of presentation
(Tables 2 and 3).

The frequencies of the different hemoglobin patterns for patients
with the febrile episodes were HbSS (n = 384 febrile episodes, 66%),
HbSA thal (n =171, 29%), and HbSD (n = 26, 5%).

Almost similar to the primary cohort of patients with SCD, the
majority of patients presenting with febrile episodes had received at
least one pneumococcal vaccine (n = 84, 80%). Among the 105 patients,
84 patients (80%) received one of the pneumococcal conjugate vac-
cines (PCV7 or PCV13) and 56 patients (53.3%) received both the

pneumococcal polysaccharide and conjugate vaccines (Table 2).
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TABLE 2 Demographic and clinical characteristics of patients with
SCD presenting with fever

Number of patients

Demographic characteristics total 105 N (%)

Sex
Male 53(50.5%)
Female 52(49.50%)

Hemoglobinopathies
Sickle cell type, n (%)

HbSS 83(79%)
HbSp thal 20(19%)
HbSD 2(2%)
Splenectomy 48 (45.70%)
Antibiotics and immunizations
Penicillin prophylaxis 62 (59%)
Pneumococcal vaccination (any) 84 (80%)
Pneumococcal polysaccharide vaccine 56 (53.3% of the 105)
Pneumococcal conjugate vaccine 84 (80% of the 105)
Both vaccines 56 (53.3% of the 105)

TABLE 3 Characteristics of the febrile episodes of patients with
SCD presenting to the ED with fever

Febrile episodes Total (h=581)

Sex, n (%)
Male 341(59%)
Female 240 (41%)
SCD Type, n (%)
HbSS 384 (66%)
HbSg thal 171 (29%)
HbSD 26 (5%)
Number of blood cultures 893
Organisms cultured, n (%)
Streptococcus pneumoniae 0
Coagulase-negative staphylococci 14 (1.5%)
Salmonella enterica serovar Paratyphi B 1
Salmonella enterica group C 3
Total cultures/bacteremia, n (%) 18 (2%)

Abbreviations: ED: emergency department; Hb: hemoglobin; SCD: sickle
cell disease.

3.2 | Bacteremia

During the study period, 893 blood cultures were obtained from all
patients with SCD presenting to the ED with fever. Blood cultures were
positive only in 18 samples with a positivity rate of 2%. Among these, no
cultures grew Streptococcus pneumoniae, 14 grew coagulase-negative
staphylococci (1.5%), one grew Salmonella paratyphi B, and three cul-

tures grew Salmonella group C (in the same patient) (Table 3).
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TABLE 4 Characteristics of osteomyelitis episodes in patients with SCD

Bacteria (culture White blood cell
Age (years) Sex Sickle cell type Hb Location type) count (/mm?3) CRP (mg/L) Symptom
6 Male SS Radius and L5 Salmonella enterica 18 900 140.6 Back pain,
vertebral body group C(Blood bilateral knee
culture) pain, LUE pain
11 Male SS L3L4L5 vertebral Pseudomonas 25000 270 Bilateral flank,
bodies aeruginosa (16s back, knee pain
rDNA)
13 Female SS Spine Enterobacter cloaca 9600 185.9 Back pain
(tissue)
28 Male SS Right femoral Bacteroides spp (tissue 14 000 93.4 Back pain
head and16s rDNA)
11 Female SB L4 vertebra None 10000 10.1 Back and shoulder
pain
12 Female SB Middle phalanx None 16 600 64.5 Swelling of finger,
painand
decrease ROM
12 Female SS Right humerus None 25200 46.8 Right arm pain
15 Male SS Both femora, None 10000 10.9 Bilateral leg pain
tibia, and fibula
18 Male SS Knee None 17 800 153 Knee swelling and

decrease ROM

CRP: C-reactive protein—normal range: 0-2.5 mg/L; Hb: Hemoglobin; LUE: left upper extremity; ROM: range of motion.

3.3 | Osteomyelitis

The total number of osteomyelitis episodes in patients with SCD pre-
senting with fever and documented by MRI was nine (1.5%) with a male
predominance (n = 5, 56%) and a mean age of 14 years (Table 3). Seven
patients had HbSS (78%) and two had HbSg thal (22%). The most com-
mon presenting symptom of patients was pain, and they had an average
white cell count of 16.344 per mm?3. C-reactive protein was elevated in
patients with osteomyelitis with a mean of 108.4 mg/L (normal value:
0=2.5mg/L) (Table 4).

Organisms were isolated from tissue specimens and/or wound cul-
tures in four patients (44%) with osteomyelitis. The pathogens were
Bacteroides species (isolated by culture and 16S rDNA), Enterobacter
cloacae (isolated by culture), Pseudomonas aeruginosa (by 16S rDNA),
and Salmonella group C (by culture) (Table 4).

The sites of osteomyelitis were distributed equally among the spine,
upper extremities, and lower extremities (n = 3, 33% in each category).

4 | DISCUSSION

Patients with SCD are prone to infections due to hyposplenia and poor
opsonization of polysaccharide antigens from impaired complement
activity.23 This is the main reason why physicians treat any patient with
SCD presenting with fever empirically with broad-spectrum antibi-
otics. In our study, we aimed to look at the rates of bacteremia and
osteomyelitis in patients with SCD presenting with fever in order to

guide the choice of empiric antibiotics. Studies regarding choices of

antibiotics in patients with SCD are lacking in the literature.’© In the
study cohort and over the 13-year study period, the bacteremia rate
was 2%, which compares with recent literature (< 1% by Baskin et al.,
1.1% by Bansil et al., and 3.4% by Morrissey et al.).*~¢ Of note, however,
that none of the patients had bacteremia with Streptococcus pneumo-
niae, which can be causally linked to the effective vaccination against
Streptococcus pneumoniae in our study group as well as the use of peni-
cillin prophylaxis. By comparison, in Lebanon, a nationwide surveil-
lance study was done from October 2005 to December 2011 that
studied and evaluated 257 isolates of culture-confirmed Streptococ-
cus pneumoniae, of which 78% (n = 201) were from blood cultures. A
total of 86.9% of isolates were susceptible to ceftriaxone, and PCV
13 coverage was 63%, 80%, and 68% for ages less than 2 years, 2-5
years, and older than 60 years, respectively. At that time, vaccination
against Streptococcus pneumoniae was not yet part of the national vac-
cination program with an estimated vaccination rate of 18.5% in those
less than two years.!! This demonstrates that during the study period,
invasive pneumococcal diseases were prevalent in Lebanon among
patients without SCD presenting with fever, although we do not have a
denominator.

The organisms cultured in our study were mainly coagulase-
negative staphylococci (1.5%), which could in many instances be con-
sidered a contaminant resulting in lower bacteremia rates. The rest of
the cultures grew Salmonella species, and one of those patients was
found to have osteomyelitis. We can conclude, therefore, that vacci-
nation and penicillin prophylaxis have diminished bacteremia caused
by Streptococcus pneumoniae, but Salmonella species are still a common

cause of bacteremia in patients with SCD (0.4% of all mom cultures and
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22% of positive cultures). This is important for antibiotic coverage, and
the use of ceftriaxone in patients with SCD and fever is thus justified.
Moreover, in Lebanon, newborn screening is not yet implemented. Such
an implementation could further contribute to the early recognition
and prophylaxis to prevent the most common cause of death in patients
with SCD: sepsis and meningitis.?

During the study period, 1.5% of the patients (total nine patients)
who presented with fever had osteomyelitis. The literature cites
Salmonella species as the most common cause of osteomyelitis in
patients with SCD.2!% In our study, and among the patients with
osteomyelitis, Salmonella was found in one of four positive cul-
tures (25%) as compared with a 60%-80% prevalence of Salmonella
osteomyelitis reported in the literature.? This could be due to early
recognition of fever and initiation of ceftriaxone, which Salmonella is
generally susceptible to. Other organisms, however, have emerged as
the cause of osteomyelitis in patients with SCD. Gram-negative bacilli
such as Enterobacter cloacae and Pseudomonas aeruginosa in addition to
gram-negative anaerobes such as Bacteroides spp were isolated from
tissue specimens and/or wound cultures in patients with osteomyelitis.
Case reports in the literature have identified patients with Bacteroides
and Pseudomonas aeruginosa osteomyelitis. 115 This means that antimi-
crobial therapy should target gram negatives as well as anaerobes in
patients with SCD presenting with suspected osteomyelitis.’*1° In our
study, osteomyelitis episodes occurred almost equally among males
and females (ratio female to male 1:1.25), unlike in other studies where
osteomyelitis episodes were predominant in males.? Not all patients
with osteomyelitis, however, had positive cultures, with 56% having
negative cultures. Not all patients had tissue or wound specimens
obtained for cultures; one patient had histological findings suggestive
of osteomyelitis with negative cultures. These findings highlight the
challenges in diagnosing osteomyelitis versus acute bone infarction
which can present clinically as osteomyelitis with fever, pain, and ques-
tionable imaging. We have to note, though, that one of our patients
was shown to have no organisms growing by tissue specimens and/or
wound cultures but had Pseudomonas aeruginosa detected by using 16S
rDNA on tissue specimens and/or wound material. This highlights the
potential for using 16S rDNA as a diagnostic tool in addition to cul-
tures for determining the causative organisms in acute osteomyelitis
or other infections.

The study was limited by being single centered and retrospective.
We might have missed patients presenting to the ED if the chief com-
plaint was different from fever but the patients still had associated
fever. Also, the number of osteomyelitis cases was small, and the con-
clusions of emerging gram-negative organisms were based on those
cases. The small number may limit our ability to generalize the results
to the whole population. 16S rDNA showed potential, but its value was

also limited in this study by the small number of cases.

5 | CONCLUSIONS

Immunization against Streptococcus pneumoniae in addition to the use

of prophylactic penicillin has markedly decreased the rates of pneu-
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mococcal bacteremia, as was evident by our results. However, there
is an emergence of gram-negative organisms other than Salmonella as
the cause of osteomyelitis in our patients with SCD. Such organisms
include Pseudomonas aeruginosa, Enterobacter cloacae, and anaerobes
like Bacteroides. Molecular testing by 16S ribosomal DNA should be
considered to detect causative organisms of osteomyelitis on tissue
specimens and/or wound when cultures fail to grow any organism. The
isolated organisms will help guide antimicrobial therapy in patients
with SCD presenting with fever.
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