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Abstract

Severe bacterial infections (SBI) have become less frequent in children with sickle cell disease (SCD) in the last decades.
However, because of their potential risk of SBI, they usually receive empirical therapy with broad-spectrum antibiotics
when they develop fever and are hospitalized in many cases. We performed a prospective study including 79 SCD patients
with fever [median age 4.1 (1.7-7.5) years, 78.5% males; 17 of the episodes were diagnosed with SBI and 4 of them were
confirmed] and developed a risk score for the prediction of SBI. The optimal score included CRP > 3 mg/dl, IL-6> 125 pg/
ml and hypoxemia, with an AUC of 0.91 (0.83-0.96) for the prediction of confirmed SBI and 0.86 (0.77-0.93) for possible
SBI. We classified the patients in 3 groups: low, intermediate and high risk of SBI. Our risk-score-based management pro-
posal could help to safely minimize antibiotic treatments and hospital admissions in children with SCD at low risk of SBIL.
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therapy with broad-spectrum antibiotics when they develop
fever, and are hospitalized in many cases [4]. Frequent use
of broad-spectrum antibiotics entails complications such as
potential side effects or driving resistance in bacteria and
increasing health care cost. The aims of this study were to
develop a risk score for the prediction of SBI in children
with SCD and fever and to propose an alternative strategy
of management according to the risk group of each patient.
This proposal could help to safely minimize the use of
broad-spectrum antibiotics and hospital admissions in those
patients at low risk of SBI.

Materials and methods

We performed a prospective study, from June 2015 to June
2018, including children with SCD and fever at the Hospi-
tal General Universitario Gregorio Maraiién in Madrid, a
reference center for patients with SCD in Spain. Exclusion
criteria included age older than 18 years, hematopoietic stem
cell transplantation, incomplete diagnostic tests and patients
whose parents or legal guardians did not sign the informed
consent form. The study received approval from the Institu-
tional Review Board.

The following diagnostic tests were performed on all
study participants (regardless of the symptoms of each
patient) upon arrival at the hospital or at the time of onset
of fever if it appeared during the first 24 h of hospitalization:
blood tests [complete blood count, biochemistry, C reac-
tive protein (CRP), procalcitonin and 10 proinflammatory
cytokines], blood cultures and nasopharyngeal samples for
viral detection by a multiplex-PCR assay. The lack of any of
the previous studies would be considered an exclusion crite-
rion from the study. Other diagnostic tests and the patients’
management were performed according to national guide-
lines [4]. Confirmed SBI (CSBI) was defined as a severe
infection with the identification of a microorganism in a
normally sterile site and possible SBI (PSBI) as a clinical
syndrome compatible with SBI but not microbiologically
confirmed. For the purposes of this study, pneumonia with-
out a bacterial confirmation and acute chest syndrome (ACS)
were considered PSBI. Hereinafter, SBI will be used to refer
to CSBI and PSBI together. More detailed data about study
setting and definitions are described in Supplemental data.

Statistical analysis

Continuous variables were compared with T test or
Mann—Whitney U test, whereas )(2 test or Fisher’s exact test
were used for categorical variables. A p value <0.05 was
considered significant. A multivariate logistic regression
predictive model was used to design a risk score, includ-
ing significant variables from the univariate analyses and
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from previous studies [4, 5] and transforming quantitative
variables into binary variables, with the most sensitive cut-
offs. The best predictive model was chosen using the Akaike
information criterion. Coefficients from the multivariate
regression model were converted into integer “points” to
create the score. Receiver operating characteristic (ROC)
curves were generated. Sensitivity, specificity, positive pre-
dictive values (VPP) and negative predictive values (NPV)
were calculated for different cut-off values and the last two
also according to various possible prevalence rates (PR) of
SBI. Predictive margins were used to report probabilities
with 95% confidence intervals of CSBI and PSBI according
to the risk score.

Results

Seventy-nine febrile episodes were included in the study
(flow diagram in Fig. 1). Median age of the patients was 4.1
(interquartile range 1.7-7.5) years and 78.5% of the episodes
occurred in males. Most children had been diagnosed by
newborn screening (91.1%), were appropriately immunized
(88.6%) and were receiving penicillin prophylaxis (98.7%).

Seventeen episodes were diagnosed with SBI: 4 CSBI
[3.2%; 2 catheter-related bacteremia caused by Staphylo-
coccus aureus and Enterobacter cloacae, respectively, one
Streptococcus pneumoniae bacteremic pneumonia (sero-
type 9N) and one Escherichia coli urinary tract infection
(UTD)] and 13 PSBI [16.5%; 12 pneumonia/ACS and one
bacterial—viral coinfection (E. coli UTI and influenza B)]. A
virus was detected in 41 (51.9%) of the respiratory samples,
being influenza (A or B) and rhinovirus the more frequently
detected viruses, in 23.3% and 20.9% of the cases, respec-
tively. Patients with a viral detection in respiratory simples
had a significantly higher frequency of upper respiratory
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risk-score due to

79 Patients incomplete tests
included
17 62
Confirmed or Non-SBI
possible SBI
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Fig.1 Flow diagram
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symptoms than those with CSBI or those without a proven
infection (80.5% vs 50% vs 42.4%; p=0.003). Baseline char-
acteristics of patients, clinical and laboratory parameters
during the febrile episode and comparisons between patients
with and without SBI are summarized in Table 1. Most of
the patients were treated as inpatients (81%) and received at
least one dose of antibiotic (96.2%). Three patients (3.8%)
needed PICU admission (2 of them for exchange transfusion,
diagnosed with ACS, and 1 with an acute splenic sequestra-
tion, with ages of 4.1, 3.6 and 1.4 years, respectively) and
no patient died. Patients with SBI presented more frequently
with hypoxemia, had significantly higher inflammatory
parameters and longer duration of fever and hospitalization.

The variables included in the initial predictive model
were hypoxemia < 92%, hemodynamic instability, central
venous catheter (CVC), initial white blood count> 15 x /L,
neutrophils > 10 x /L, CRP >3 mg/dl, procalcitonin > 0.6 ng/
ml and IL-6 > 125 pg/ml. The best predictive model included
CRP > 3 mg/dl (2 points), IL-6 > 125 pg/ml (1 point) and
hypoxemia (1 point). The area under the ROC curve for this
model was 0.91 (95% CI 0.83-0.96) for the prediction of
CSBI and 0.86 (0.77-0.93) for PSBI. Table 2 shows the per-
formance of the predictive model for CSBI and PSBI accord-
ing to different cut-off points, with the best sensitivity and
NPV for > 1 point and the best specificity and PPV >3 point.
Based on these cut-off points, the individual risk of a patient
can be divided into 3 groups: low risk (0 points), moderate
risk (1-2 points) and high risk (3—4 points). The individual
risk score of patients in our cohort and the proportion of SBI
in each group are also detailed in Table 2. The probability
of SBI according to the risk score is shown in Fig. 2. Our
management proposal, according to the risk group of each
patient, is described in Fig. 3.

Discussion

In this prospective study, we propose a risk-score based
strategy of management for children with SCD and fever,
according to their risk group of SBI, with the final goal of
minimizing antibiotic exposure in those patients at low risk.
To avoid the possibility of not giving antibiotics to a patient
who might potentially need them, we included PSBI (mostly
cases of pneumonia or ACS) in addition to CSBI.

Most children included in this study had been diagnosed
by newborn screening, were completely immunized and
receiving penicillin prophylaxis. We found a low rate of
CSBI, with a higher proportion of PSBI (mainly pneumo-
nia/ACS), in agreement to other studies from high-income
countries [1, 3, 6]. Several studies had previously reported
different predictors of bacteremia and other severe infections
in patients with SCD, including elevated CRP, procalcitonin,
WBC and neutrophils, toxic appearance, vomiting and long-
term CVC, similarly to our findings [2, 4, 7, 8]. IL-6 has

also been recently described by our group as a marker of
CSBI in these patients [5]. Other studies had also reported
hypoxemia and elevated WBC or neutrophils as predictors of
pneumonia or ACS [3, 9]. Since, to date, none of the above
has been able to unequivocally discriminate patients with
SBI as a single marker, we decided to design a risk score for
the prediction of SBI combining several of them. Younger
age is another traditional risk factor of SBI in patients with
SCD. However, although it is well described that before
the introduction of prophylactic measures younger patients
presented the majority of infections and episodes of severe
sepsis, there are recent studies which have found the oppo-
site [2]. In our study, we did not find any differences in age
between groups and, for that reason, age was not included in
the predictive model used to design the risk score.

We designed a risk score including 3 variables (CRP, IL-6
and hypoxemia), assigning 2, 1 and 1 points to each variable,
respectively. An individualized score of < 1 point (0 points)
had the highest sensitivity and NPV, while a score of >3
points had the highest specificity and PPV, both for CSBI
and for PSBI. We divided the children in 3 groups: low risk
(0 points), moderate risk (1-2 points) and high risk (3—4
points) of SBI. In our cohort, 38 (48.1%) patients would
have been classified as low risk, without any case of CSBI
and just one of PSBI in this group (a child diagnosed with
“mild ACS” because of an infiltrate in the chest X-ray with-
out hypoxemia; he only had one day of fever and bocavirus
was detected in respiratory samples). However, in the group
of high risk, we found 9/9 (100%) SBI cases, 3 of them
(33.3%) CSBL

Based on our findings, we propose a different manage-
ment according to the risk of SBI of each patient, described
in Fig. 2 (excluding patients with toxic appearance and those
incompletely immunized, non-adherent to penicillin prophy-
laxis and CVC carriers, due to their higher risk of SBI).
We recommend that in patients classified in the low-risk
group the use of empirical broad-spectrum antibiotics could
be avoided, while those with moderate risk should receive
at least one intravenous dose of a long-acting and broad-
spectrum antibiotic such as ceftriaxone. All these low-risk
children could be managed as outpatients, with blood cul-
tures done and close follow-up within 24 h, as long as they
do not present other complications (e.g. significant anemia
or severe pain) and have the possibility of quick access to
the hospital in case of clinical worsening. However, patients
with high risk of SBI should be hospitalized and receive
broad-spectrum antibiotics, at least until blood cultures
remain negative after 48—72 h of incubation. According to
our data, this approach would potentially prevent almost a
half of antibiotic treatments and the majority of the hospital
admissions.

This study has several limitations. Most importantly, the
sample size is relatively small, with few cases of confirmed
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Table 1 Characteristics of patients at baseline and during febrile episodes

Characteristic Overall (n=79) Patients without SBI (n=62) Patients with CSBI p value Patients with p value
(n=4) CSBI or PSBI
(n=17)
Baseline characteristics of patients
Age in years [m (IQR)] 4.1 (1.7-7.5) 3.7 (1.4-7.8) 4 (1.4-6) 0.613 5.5(3.3-6.2) 0.633
Male [no. (%)] 62 (78.5) 49 (79) 3(75) 0.624 13 (76.5) 0.527
Genotype [no. (%)] 68 (86.1) 53 (85.5) 4 (100) 0.715 15 (88.2) 0.391
SS 5(6.3) 5(8.1) 0 0
SC 6 (7.6) 4(6.5) 0 2(11.8)
SPB-thalassemia
Newborn screening 72 (91.1) 56 (90.3) 4 (100) 0.677 16 (94.1) 0.530
[no. (%)]
Parents’ origin [no. 33 (41.8) 25 (40.3) 4 (100) 0.066 8 (47.1) 0.786
(%)] 45 (57) 36 (58.1) 0 9(52.9)
Africa 1(1.3) 1(1.6) 0 0
America
Other
Completely immunized 70 (88.6) 55 (88.7) 4 (100) 0.631 15 (88.2) 0.622
[no. (%)]
Penicillin prophylaxis 76 (98.7) 59 (98.3) 4 (100) 0.938 17 (100) 0.779
[no. (%)]
Splenectomy [no. (%)] 8 (10.1) 5(8.1) 0 0.724 3(17.6) 0.229
Central venous catheter 18 (22.8) 14 (22.6) 2 (50) 0.245 4 (23.5) 0.583
[no. (%)]
Hypertransfusional 9(11.4) 7(11.3) 2 (50) 0.087 2(11.8) 0.622
regimen [no. (%)]
Previous hospital 6 (2-10.5) 6.5 (2-11) 3.5(2-6.5) 0.382 6 (3-9) 0914
admissions [m (IQR)]
Clinical presentation
Days of fever [m 1(1-1) 1(1-1) 1(1-2) 0.821 1(1-2) 0.510
(IQR)]
Max. temperature [m  38.8 (38.4-39.1) 38.7 (38.3-39) 39.1(38.9-39.2) 0.172 39 (38.8-39.3) 0.028
(IQR)]
Upper respiratory 49 (62) 39 (62.9) 2 (50) 0.490 10 (58.8) 0.759
symptoms [no. (%)]
Hemodynamic instabil- 2 (2.5) 1(1.6) 1(25) 0.118 1(5.9) 0.386
ity [no. (%)]
Hypoxemia<92% [no. 10 (12.7) 2(3.2) 0 0.882 8 (47.1) <0.001
(%)]
Laboratory parameters
Initial hemoglobin g/dl 8.5 (7.5-9.5) 8.6 (7.6-9.7) 9 (8.4-9.5) 0.697 7.9 (6.6-8.6) 0.062
[m (IQR)]
Initial WBC x 10°/L 13.8 (9.7-21.1)  12.1 (9.4-20.3) 20.7 (17.6-31.4) 0.049 18.2 (15.4-22.1) 0.024
[m (IQR)]
Initial neutrophils 8.1(5.1-13.8) 6.9 (4.7-13.2) 16.8 (13.9-26.7) 0.012 13.7 (8.1-14.6) 0.009
x10°/L [m (IQR)]
Initial CRP mg/dl [m 2 (0.4-5.9) 1.2(0.4-3.4) 9.6 (7.8-15.1) 0.004 7.6 (5.6-11) <0.001
(IQR)]
Max. CRP mg/dl 4 (1.1-10.1) 3.1 (0.8-5.3) 13.5 (12.3-17.9) 0.010 10.7 (9-18.6) <0.001
(n=56) [m (IQR)]
Initial PCT ng/ml [m 0.3 (0.2-0.6) 0.3 (0.2-0.5) 2 (0.8-2.9) 0.021 0.4 (0.3-1.3) 0.054
(IQR)]
Max. PCT ng/ml 0.5(0.2-1.4) 0.4 (0.2-0.9) 3.1 (1.8-18.9) 0.049  0.5(0.3-1.6) 0.326
(n=40) [m (IQR)]
IL-6 pg/ml [m (IQR)]* 0.7 (0.7-0.7) 0.7 (0.7-0.7) 163 (70.4-459.5) <0.001 0.7 (0.7-58) <0.001

Outcome
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Table 1 (continued)

Characteristic Overall (n=79) Patients without SBI (n=62) Patients with CSBI p value Patients with p value
(n=4) CSBI or PSBI
(n=17)

Hospital admission 64 (81) 47 (75.8) 4 (100) 0.347 17 (100) 0.017
[no. (%)]

Antibiotic treatment 76 (96.2) 59 (95.2) 4 (100) 0.826 17 (100) 0.478
[no. (%)]

Need for antibiotic 12 (15.2) 4(6.7) 3(75) 0.003 8 (47.1) <0.001
change [no. (%)]

Final diagnosis of VOC 7 (8.9) 7(11.3) 0 0.631 0 0.170
[no. (%)]

PICU admission [no. 3(3.8) 1(1.6) 0 0.939 2(11.8) 0.115
(%)]

Total days of fever [m 2 (1-4) 2 (1-3) 2.524) 0.304 3 (2-6) 0.007
(IQR)]

Days of admission [m 4 (2-6) 3.5(1.5-5) 7.5 (5.5-8.5) 0.017 7(5-8) <0.001
(IQR)]

All comparisons are related to the group without SBI. Variables with significant differences (p value <0.05) are highlighted in bold font

SBI severe bacterial infection, CSBI confirmed severe bacterial infection, PSB! possible bacterial infection, m (IQR) median (interquartile range),
Max. maximum value during the episode, CRP C-reactive protein, PCT procalcitonin, /L-6 interleukin 6, VOC vasoocclusive crisis, PICU pedi-

atric intensive care unit

*The other cytokines analyzed did not show any significant differences

bacterial infection. However, this prospective study was
carried out in a reference center for SCD in Spain and this
cohort may be quite representative of children with SCD
in high-income countries, in which the incidence of SBI is
low. Second, ACS cases were classified as PSBI due to the
difficulty of excluding a bacterial pneumonia in these cases.
Finally, IL-6 may not be available in all centers although its
use as a biomarker has become widespread recently due to
anti-IL-6 use in SARS-CoV-2 pandemic.

In conclusion, we developed a score to estimate the risk
of SBI (confirmed or possible, such as ACS) applicable to

SCD children who are completely immunized, receive ade-
quate prophylaxis and are trained to detect warning signs of
severity. This proposal could help change the current prac-
tice of administering antibiotics to all children with SCD
and fever into a different strategy of management, according
to the risk group of each patient. Further studies are needed
to validate this score and to confirm these findings. This
may result in safely minimizing the use of broad-spectrum
antibiotics and hospital admissions in SCD patients at low
risk of SBI.
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Table 2 Performance of the predictive model according to different cut-off values and individualized risk score of patients in our cohort

Risk score Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI)
Confirmed SBI
> 1 point 100 (39.8-100) 50 (40.2-63.7) PR 5%: 9.9 (8-12.2) PR 5% 100 (88.6—-100)
PR 10%: 18.8 (15.5-22.7) PR 10%: 100 (88.6-100)
PR 15%: 26.9 (22.5-31.8) PR 15%: 100 (88.6-100)
>?2 points 100 (39.8-100) 57.3 (45.4-68.7) PR 5%: 11 (8.7-13.8) PR 5% 100 (89.8-100)
PR 10%: 20.7 (16.7-25.3) PR 10%: 100 (89.8-100)
PR 15%: 29.3 (24.1-35) PR 15%: 100 (89.8-100)
>3 points 75 (19.4-99.4) 92 (83.4-97) PR 5%: 33 (16-56.1) PR 5% 98.6 (92.7-99.7)
PR 10%: 51 (28.6-73) PR 10%: 97.1 (85.8-99.5)
PR 15%: 62.3 (38.9-81.1) PR 15%: 95.4 (79.2-99.1)
Confirmed or possible SBI
> 1 point 94.1 (71.3-99.9) 61.3 (48.1-73.4) PR 5%: 11.3 (8.4-15.2) PR 5% 99.5 (96.7-99.9)
PR 10%: 21.3 (16.2-27.4) PR 10%: 98.9 (93.3-99.8)
PR 15%: 30 (23.5-37.5) PR 15%: 98.3 (89.7-99.8)
>2 points 82.4 (56.6-96.2) 64.5 (51.3-76.3) PR 5% 10.9 (7.6-15.4) PR 5% 98.6 (96.1-99.5)
PR 10%: 20.5 (14.7-27.8) PR 10%: 97.1 (92.1-98.9)
PR 15%: 29.1 (21.5-38) PR 15%: 95.4 (87.9-98.3)
>3 points 52.9 (27.8-77) 100 (94.2-100) PR 5% 100 (62.9-100) PR 5% 97.6 (96.1-98.5)
PR 10%: 100 (62.9-100) PR 10%: 95 (92-96.9)
PR 15%: 100 (62.9—-100) PR 15%: 92.3 (87.9-95.2)
Individualized risk score of patients in our cohort
No. of patients Patients with CSBI Patients with
CSBI or
PSBI
Low risk (0 points) 38 0 1* (2.6%)
Moderate risk (1-2 points) 32 1(3.1%) 7 (21.9%)
High risk (3—4 points) 9 3(33.3%) 9 (100%)

SBI severe bacterial infection, CSBI confirmed severe bacterial infection, PSBI possible bacterial infection, CI Confidence interval, PPV Positive
predictive value, NPV Negative predictive value, PR Prevalence rate

“Patient diagnosed with “mild acute chest syndrome”

CHILD WITH SCD AND FEVER |

Clinically stable
Completely immunized

Adherent to prophylaxis m

Non CVC carrier

Probability (%)
0 10 30 30 40 50 60 70 80 90100
!

Empirical broad-spectrum
antibiotics and hospital

admission

High risk of SBI
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: ; ; : ;
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Fig.3 Proposal for the management of children with SCD and fever
according to their risk score
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