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Summary eClinicalMedicine

Background Anaemia in sickle cell disease (SCD) is a significant cause of morbidity and mortality, but few studies 2024;76: 102839

have reported on the burden and outcome of very severe anaemia. This study described the epidemiology of very  PuPlished Online xoox

severe anaemia by determining the prevalence and incidence, investigating associated clinical and laboratory factors, Tgtlpg//d(lj,"orgg;
. . j.eclinm. .

and assessing outcomes in SCD. 102839

Methods A 10-year prospective cohort study involving SCD patients of all ages was conducted at Muhimbili National

Hospital in Tanzania between 2004 and 2013. SCD included Homozygous SS-Sickle cell anaemia and S@°

thalassemia at clinics and during hospitalization visits. Very severe anaemia was defined as Haemoglobin <5 g/dL

at steady-state which was a period when a patient was stable with no blood transfusion in past 3 months or accute

pain report in the previous month.

Findings There were 28,293 (92.9%) clinic visits and 2158 hospitalisations amongst 3586 patients. Mean haemo-
globin concentration at clinic was 7.4 g/dL, (95% CI: 7.4-7.5) compared to hospitalisation [6.4 g/dL, 95% CI:
6.3-6.5], p < 0.001. Prevalence of very severe anaemia at the clinic was 4.1%, and 23.8% during hospitalization,
while the overall incidence was 114.1 (95% CI: 108.2-120.2) events per 1000 person years. Risk ratio of dying for
patients with very severe anaemia was 4.78 times higher (95% CI: 3.65-6.25, p < 0.001) than in individuals without
very severe anaemia. The risk ratio for mortality was highest in children aged <2 years, and was decreasing steadily
with increase in age, from HR = 0.73 (95% CI: 0.39-1.35) in children aged 2-4 years to HR of 0.38 (95% CI:
0.20-0.71) in patients in age group 10-17 years when compared to those aged 0-1 years. Mortality risk ratio was
higher (HR = 6.76 [95% CI: 4.31-10.62, p < 0.001]) in patients with steady-state haemoglobin <5 g/dL and
presenting with very severe anaemia before death compared to those with steady state haemoglobin >5 g/dL
and haemoglobin >5 g/dL before death.

Interpretation The burden of very severe anaemia in SCD was high, especially during hospitalization, and was in-
dependent predictor of mortality. There is an urgent need to improve prevention, diagnosis, and interventions for
very severe anaemia in SCD in Africa. More research to elucidate the aetiology and mechanisms of anaemia in this
population is required.
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Articles

Research in context

Evidence before this study

Despite the known negative impact of anemia on individuals
with sickle cell disease (SCD), there is limited studies on the
prevalence of severe anemia in SCD especially during the
steady state, and its association with morbidity and mortality.
A PubMed search was made on papers published on
prevalence of severe anaemia in SCD at steady state between
2003 and 2023 whereby 54 papers were found. Most papers
focused on clinical complications, economic or genomic
factors associated with anemia in SCD. Still, none focused on
the prevalence and impact of severe anaemia in patients at
steady and non-steady state haemoglobin during clinic and
hospitalisation. This papers aims at addressing that gap by
understating the burden of very severe anaemia at the two
states and its implication which is very crucial in devising
management of crises and severe anaemia in people with
SCD.

Added value of this study

This study has provided descriptive epidemiology of anaemia
from a cohort from a single centre with detailed longitudinal
data. This is one of the few studies that has provided a
detailed depiction of severe anemia and its association with
clinical and hematological variables. The study has reported
the magnitude of this complication, elucidating the

Introduction

Anaemia is the sine qua non of sickle cell disease (SCD)
with marked heterogeneity in the spectrum of haemo-
globin between individuals, as well as variation within
individuals at different time points. Worldwide, it is
estimated that about 515,000 babies are born with SCD
each year, with the greatest burden being from sub-
Saharan Africa around 79% by 2021.' The natural his-
tory of anaemia in SCD is characterised by quiescent
periods (steady-state) interspersed with episodes of
worsening anaemia. Acute exacerbation of anaemia in
SCD is defined as a fall in haemoglobin level of more
than 2 g/dL from steady-state haemoglobin. The World
Health Organization (WHO) defines severe anaemia as
haemoglobin less than 7 g/dL, while very severe
anaemia as a haemoglobin <5 g/dL. In Africa, the cut-off
of <5 g/dL is associated with a high risk of mortality and
is an indication of emergency blood transfusion (BT).?
With all definitions, the presence of anaemia accompa-
nied by clinical features of decompensation (congestive
cardiac failure) is also a clinical indication of emergency
intervention. Surprisingly, there are few descriptions of
the epidemiology of anaemia and its contribution to
morbidity and mortality in individuals with SCD.*”
Furthermore, the morbidity of chronic anaemia and
the contribution of anaemia to other events such as
painful episodes, infections, and stroke has not been
estimated but is likely to be high.® In addition, in

prevalence of very severe anaemia and the variation across
the age groups as well as describing the pattern in patients
attending clinic compared to those who are hospitalised. The
importance of steady-state haemoglobin and the occurrence
of acute episode of very severe anaemia was evaluated, and
how this was associated with mortality.

Implications of all the available evidence

We now recognize the magnitude and frequency of very
severe anaemia in SCD at clinic and during hospitalization and
how it is disproportionately associated with morbidity and
mortality. The evidence from this research has highlighted the
importance of very severe anaemia at different states (steady
or acute), which should lead to changing practices to improve
diagnosis and management of severe anaemia as part of SCD
crises.

The evidence from this study suggests that individuals
develop compensatory mechanisms to cope with chronic and
steady-state anaemia, and how these mechanisms may
influence responses during acute episodes. This study has
described the complexity of anaemia and highlights the need
for mechanistic studies to understand the pathophysiology of
anaemia in SCD, and how and why severe anaemia occurs at
different times.

previous studies the burden and factors associated with
very severe anaemia were mainly in selected groups
such as children and pregnant women necessitating a
better study that includes other age groups to ascertain
these factors in patients with SCD and to allow more
generalization.*® In this study, we set out to determine
the epidemiology (prevalence and incidence) of very
severe anaemia as well as to evaluate clinical and labo-
ratory factors that were associated with very severe
anaemia in a cohort of patients with SCD followed up
for 10 years. This study also evaluated the effect of very
severe anaemia on mortality in SCD. Determining the
burden of anaemia is an important step in the strategy
to manage anaemia, allowing the development of
appropriate interventions and improving the under-
standing of pathophysiological mechanisms involved in
anaemia in SCD. We conducted this study in Tanzania,
which is ranked 4th among countries with highest
number of SCD patients (~200,000), estimated yearly
births of affected children at 11,000 per annum, and
estimated annual mortality of up to 7% among children
below five years of age.®

Methods

Study area

The study was conducted at Muhimbili National
Hospital (MNH), in Dar-es-Salaam, Tanzania. This is
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the most densely populated region in Tanzania, with
a population of 5.4 million."” The prevalence of
anaemia (haemoglobin <8.0 g/dL) in both males and
females from this region is estimated to be 8.4% with
variation between the wurban and semi-urban
settings."

Study population

This 10-year long cohort study was conducted at
Muhimbili Sickle Cell (MSC) programme between 2004
and 2013." Briefly, enrolment of individuals started in
2004, with individuals identified at the MNH. The sickle
cell programme integrates research with longitudinal
surveillance consisting of the collection of detailed
clinical and laboratory information at the clinic and
during hospitalisation. Indications for SCD testing were
either due to clinical features suggestive of SCD, referral
by a doctor, or self-referral by individuals. Individuals
with SCD were enrolled in the MSC study at the clinic,
where detailed clinical and laboratory information was
collected. Scheduled follow-up visits occurred every
three to six months. Patients were given education about
the management of pain, management of fever, as well
as recognition of severe signs such as signs of stroke,
acute chest syndrome, and acute splenic sequestration at
home. Hospitalisation is unscheduled and occurs when
patients present to the clinic or hospital with conditions
that cannot be managed as an outpatient. Although
referral to MNH follows the referral system in Tanzania,
during the study, patients were encouraged to contact
the sickle cell programme study team using a telephone
helpline. Best-possible care is provided at MNH and
includes folic acid, and health education on malaria
prevention using insecticide-treated nets with prompt
diagnosis and treatment of malaria. Penicillin prophy-
laxis for children under five years was not routinely
provided until 2011 when it became part of hospital
practice. Newborn screening and vaccination against
pneumococcal infection are recognized as important
public health interventions but were not offered during
the study period.

Inclusion and exclusion criteria

The study included all SCD individuals enrolled in the
MSC study and excluded individuals seen in the emer-
gency medicine department who were not hospitalized
and those who did not provide consent.

Outcomes

The primary outcome of this study was the observed
event of very severe anaemia (haemoglobin <5 g/dL)
while the secondary outcomes were hospitalisation and
death. The event of severe anemia was derived from the
haemoglobin values by categorizing those with haemo-
globin at steady-state <5 g/dL or otherwise. A steady
state was defined as a period when the SCD patient was
clinically stable, without requiring blood transfusions
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for the past three months or emergency department
treatment for acute pain within the previous month. The
hospitalization and death values were taken from the
self-reported value of the patients or relatives of patients
about death.

Clinical, laboratory and deaths ascertainment
Methods have been described previously.'** Briefly,
SCD genotyping (HbAA, HbAS and HbSS) was done by
alkaline haemoglobin electrophoresis (Helena, Sunder-
land, Tyne & Wear, UK) and high-performance liquid
chromatography (HPLC) (Variant analyzer, Bio-Rad,
Hercules, CA, USA). SCD included Individuals with
SS and Sp° thalassemia. Blood count was performed
using an automated cell counter (Pentra 60, Horiba
ABX, Kyoto, Japan) with documentation of haemoglo-
bin, mean corpuscular volume (MCV), mean cell vol-
ume (MCH), mean corpuscular haemoglobin
concentration (MCHC), reticulocyte count, white blood
cells (WBC) and platelet count. Biochemical tests
(Aspartate Aminotransferase (AST) and lactate dehy-
drogenase (LDH)) were performed using a chemistry
analyser (Roche Cobas Mira, New York, USA or Abbott
Architect, New York, USA). Management of anaemia
followed hospital guidelines, and all patients were
treated at the clinic free of charge. The management of
anaemia included investigations to identify causes of
anaemia such as malaria, serum ferritin, serum B12 and
red cell folate. Emergency BT was given to those with
haemoglobin <5 g/dL, or clinical features of very severe
anaemia or heart failure. Individuals with splenomegaly,
requiring BT (>3 times a year) were referred to the
department of surgery for splenectomy. Oral iron was
prescribed to those with iron deficiency, confirmed by
low serum ferritin, or empirically to those with low
MCV (<80 fl) and MCHC (<25 g/dL).

All deaths that occurred at the hospital were recorded
together with the information on cause and date of
death using case report forms. For deaths that occurred
outside Muhimbili Hospital, information was reported
by the relatives of the diseased patients through phone
calls, where probable cause of death and date were
collected. Furthermore, patients with SCD who did not
attend scheduled clinic visits for 6-12 months or more
were traced by telephone or home visits, and in case the
patient was found to have died the same information
was collected.

Ethics

Ethical approval was obtained from the Muhimbili
University of Health and Allied Sciences (MUHAS)
(reference MU/RP/AEC/VOL XI/33) and permission
was given by MNH. Written informed consent was ob-
tained from all participants before enrolment for in-
dividuals aged 18 years or above, while for minors, a
parent/guardian consented and signed the consent on
behalf of the patient; adolescents provided assent.
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Statistics

All data were checked for consistency before entry into a
database written in MySQLv5.0 (Sun Microsystems Inc,
Santa Clara, California, USA). STATA version 17 (Stata
Corp, College Station, TX) and R 3.0.3 (http://www.R-
project.org/) were used for analysis. The primary
outcome measure was very severe anaemia defined as
haemoglobin<5 g/dL, while hospitalisation and deaths
were secondary outcomes. Prevalence of very severe
anaemia was determined at the first visit to the clinic
and during hospitalisation. The analysis was compared
in five age groups which are 0-1, 2-4, 5-9, 10-17
and >18 years using logistic regression, and results re-
ported as odds ratio. The age group 0-4 years was
subdivided into two age groups to be able to study
anaemia during the first two years from birth when
compared to the last years of the under-five (U5). To
account for effect of chronic very severe anaemia, par-
ticipants were further subdivided into two groups, those
with haemoglobin at steady-state below 5 g/dL or
otherwise, Fig. 1. A steady-state was defined as the point
in time when SCD patient was in good health (absence
of clinical events), with no history of blood transfusion
(BT) during the previous 3 months as well as no history
of acute pain that required treatment in the emergency
department in the past one month.® We estimated
steady-state haemoglobin as the average of levels across
visits that a participant was at steady-state. Given the

poor outcomes of SCD in children below five years (U5),
the analysis was also done separately for this age group.
Assessment of distribution of number of events per
person was done by evaluating the frequency distribu-
tion of very severe anaemia events per person years. The
incidence of anaemia (based on multiple events per
person) was estimated using events observed at the
clinic and during hospitalization. The rates were esti-
mated as the total number of very severe anaemia events
(excluding those at enrolment) divided by the total
follow-up time and were expressed per 1000-person
years with 95% confidence intervals (95% CI). The
follow-up time was calculated by taking the time of
origin as the time the patient was enrolled in the study.
Factors associated with events of very severe anaemia
(coded as 0/1 for absence/presence of event of very se-
vere anaemia) at enrolment visit at the clinic and during
the first hospitalisation visit (cross-sectional) were ana-
lysed using logistic regression, while a generalised
estimating equation model (for binary (binomial)
random variable) was used to analyse multiple events
(longitudinal) of very severe anaemia events, and results
reported as odds ratio”. Nine individuals (0.5%) had
more than 6 events of very severe anaemia, but these
were retained in all analyses involving multiple events
since model fits and parameter estimates did not change
substantially when they were excluded. Variables with
p-value <0.1 in the univariate models were included in

Enrolment
3,586

Excluded

475 (13-2) - No steady state Hb

With steady-State Hb

3111
| |
Hb > 5g/dL Very severe anaemia (Hb <
5g/dL)
(Steady state Hb > 5g/dL)
(Steady state Hb < 5g/dL)
n=3030 (97-40%)
I n=81 (I2-60%)
[ | | |
Incident Hb > 5g/dL Incident Hb < 5g/dL Incident Hb > 5g/dL Incident Hb < 5g/dL
n=2934 (96-8%) n=96 (3-2%) n=20 (24-7%) n=61 (75-3%)
deaths=242 (MR: 2:5) | | deaths=34 (MR: 6-8) deaths=1 (MR: 1-9) deaths=21 (MR: 16-9)
HR=1 HR=4'5 (3-1 - 6-4) HR=0-9 (0-1 - 6-5) HR=7-3 (4-7 - 11-4)

NB: MR=Crude mortality rate; HR=Hazard ratio; Hb=Haemoglobin

Fig. 1: Flow chart showing study participants at enrolment visit with their steady state haemoglobin categories and risk of mortality.
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the multivariate model and the backward elimination
method was used to identify a parsimonious model with
factors associated with very severe anaemia. Loglikeli-
hood ratio test was used to compare nested models
during the backward elimination of the less important
variables in the model. Analysis of residuals was used to
find records that were outliers and those with high in-
fluence in the model and these were excluded in the
model. We used the Cox extended regression model
(Andersen—Gill model) regression model to model time
to repeated events of very severe anaemia, and the re-
sults were reported as a hazard ratio. The Cox regression
model was used to compare mortality rates between
individuals with very severe anaemia vs. those with
haemoglobin >5 g/dL, and deaths that happened at
enrolment visits were excluded. The Cox regression
model was also used to determine clinical and laboratory
factors associated with death among the study partici-
pants and results were reported as Hazard ratios (HR).
An individual was censored if he/she did not attend a
clinic for four months from the last date seen in the
clinic/hospital or the last date of study follow-up. For
cases whose dates of death could not be established, we
assumed their death to have happened four months
from the last date the patient was seen at the clinic or in
the hospital. The association was considered significant
if a p-value <0.05 in a univariable or multivariate
analysis.

Role of the funding source

This work was supported by the Wellcome Trust, UK
(JKM 072064; Project grant 080025; Strategic award
084538) and Kenya Medical Research Institute (KEMRI)—
Centre for Geographic Medicine Research. The funding
source had no role in the study design, data collection,
analysis, interpretation, report writing, or decision to
publish.

Results

Characteristics of participants, mean haemoglobin
and status of anaemia

A total of 30,451 visits were recorded from 3586 SCD
patients registered between March 2004 and December
2013. Among them, clinic visits contributed to 28,293
(92.9%) of all visits from 3586 patients with a median
age of 7.0 years (Interquartile range (IQR) 3.3-12.9
years) while hospitalisation consisted of 2158 (7.1%)
visits from 1254 patients with a median age 8.0 years
(IQR: 4.2-14.5 years) Table 1. The majority of patients
1350 (37.6%) at enrolment were children below five
years of age. At enrolment, the prevalence of very severe
anaemia was significantly higher in hospitalised SCD
patients 23.8% (299/1254) compared to clinic visits,
4.1% (147/3586), p < 0.001, Table 1. Mean haemoglobin
concentration (at enrolment at the clinic) was signifi-
cantly higher (7.4 g/dL, 95% CI: 7.4-7.5) compared to
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0 (
(

0 (

Age group 0-1 528 (14.7) 125 (10.0)
2-4 822 (22.9) 271 (21.6)
59 931 (26.0) 349 (27.8)
10-17 790 (22.0) 290 (23.1)
18+ 499 (13.9) 217 (17.3)
Missing 6 (0.5) 2(0.2)

Sex (males), n (%) 1791 (49.9) 651 (51.9)

Mean haemoglobin (g/dl) 4 (7.4-7.5) 4 (6.3-6.5)

WHO definition of anaemia (g/dL), n (%)

No (haemoglobin >11.0) 4 (0.9) 0 (0.8)
Mild (haemoglobin: 10.0-10.9) 5 (2.4) 3 (1.0)
Moderate (haemoglobin: 7.0-9.9) 2247 (62.7) 474 (37.8)
Severe (haemoglobin: 5.0-6.9) 1073 (29.9) 458 (36.5)
Very severe anaemia (haemoglobin <5) 147 (4.1) 299 (23.8)

Anaemia at steady-state, n (%)

No (haemoglobin >11.0) 20 (1.0)
Mild (haemoglobin: 10.0-10.9) 52 (2.6)
Moderate (haemoglobin: 7.0-9.9) 1310 (65.4)
Severe (haemoglobin: 5.0-6.9) 549 (27.4)
Very severe (haemoglobin <5) 73 (3.6)

At clinic At Test statistic
(n = 3586) hospitalisation
(n = 1254)
Age (Median, IQR) 3.3-12.9) 4.2-14.5) x° =20.52, p < 0.001

x* =144, p = 0.230
t =216, p < 0.001

hospitalisation.

Table 1: Characteristics of the study participants at enrolment (the first visit to the clinic) or

hospitalisation [6.4 g/dL, 95% CI: 6.3-6.5], p < 0.001.
The level of haemoglobin varied with age, with children
0-9 years having low levels of haemoglobin concentration
during clinic visits, while during hospitalisation all age
groups were equally affected (Fig. 2). At the enrolment,
the prevalence of very severe anaemia was highest in
children aged 2—4 years, 5.0% (41/822) and lowest, 2.8%
(22/790) in the 10-17 group; however, the difference was
not significantly different across the age groups
(X2(4) = 5.08, p = 0.279). At first hospitalisation, the
prevalence of very severe anaemia was increasing with
age, from 17.6% (22/125) in 0-1 years, to 26.7% (58/217)
in adults aged 18+ years (x*wena = 4.3, p = 0.037).

Incidence of very severe anaemia in SCD at the
clinic and during hospitalisation

During the 10 years of the study follow-up, a total of
12,047-person years and 1374 events (491 clinics and
1018 during hospitalisation) of very severe anaemia
were recorded. The overall incidence of very severe
anaemia was 114.1 (95% CI: 108.2-120.2) events per
1000-person years. Adjusting for the type of visit and
compared to children aged 0—4 years, the incidence of
very severe anaemia was significantly lower in children
aged 5-17 years, where the hazard ratio (HR) was 0.65,
95% CI: 0.56-0.75, p < 0.001, but not in individuals aged
>18 years, HR = 0.91, 95% CI: 0.77-1.08, p = 0.300.
When the age groups were further stratified into finer
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Fig. 2: Distribution of haemoglobin concentration at the enrolment clinic visits (A) and or first hospitalisations (B) with line segments showing

95% Cl.

age groups, the incidence of very severe anaemia was
highest in children aged <2 years and decreased steadily
to the minimum in the age group 10-17, Fig. 3. The age
groups 5-17 years had a similar incidence of very severe
anaemia, which were all significantly lower than that of
children <2 years (p < 0.001). The risk ratio of very se-
vere anaemia was significantly higher during hospital-
isation than during clinic visits (HR = 9.39, 95% CI:
7.94-11.10; p < 0.001). The higher risk ratio of very
severe anaemia in younger age groups can be explained
by the fact that the mean time difference between visits
was shorter for the youngest children (0-1 years) which
was 1.9 months while that of patients in the age group
18+ years was 10.4 months. The shorter mean time
difference is associated with higher chances of detecting
more events of very severe anaemia. It is possible that
the incidence rates could increase slightly for higher age
groups should it be that scheduled follow-up time was
similar across the age groups.

Clinical and laboratory factors associated with very
severe anaemia in SCD

Clinical factors associated with very severe anaemia in
SCD at clinic visits are summarised in Table 2 (for all
individuals) and Table 3 (children <5 years). Factors that
were significantly associated with very severe anaemia
in univariable analysis included pallor, pulse rate, spleen
and liver enlargement. Laboratory factors associated
with very severe anaemia included RBC, MCV, macro-
and microcytosis, MCHC, red cell distribution width
(RDW), WBC, reticulocyte, and platelet count. In-
dividuals with very severe anaemia had higher AST and
LDH. Variables significant on multivariate analysis were
age, pulse rate, spleen enlargement, MCV, MCHC,

RDW, and platelets count, Table 2. The association of
these factors with very severe anaemia were confirmed
in a multivariate model including multiple visits as
shown in the last column of Table 2. Results for chil-
dren <5 years are shown in Table 3. Clinical factors
which were significantly associated with very severe
anaemia in the multivariate model with multiple events
were enlarged spleen, MCV, MCHC, RDW and platelet
count. Children with enlarged spleen had the highest
risk of very severe anaemia compared to those without a
palpable spleen (OR = 2.13 (1.41-3.21), p < 0.001)
Table 3.

45
40 +
€ 35
Q
8 30 -
8 25 1
8
c 20
: |
S .
e 15 -
ac
10 |—I—| |—I—|
5 1 1 I I I
0-1 2-4 5-9 10-17 18+
Age group (years)
Mean time diff:9mon 6.3mon 9.3mon 11.0mon 10.4mon

Fig. 3: Distribution of incidence of severe anaemia (bars) with 95% Cl
(line segments) for pooled for data from outpatient and hospitalised
patients stratified by age group.
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All clinic visits

Multivariable®,

single event

(n = 2728, R? = 0.25),
OR (95% Cl)

Multivariable,
multiple events”
(n = 25,897),
OR (95% Cl)

Univariate®,
single event,
OR (95% Cl)

**p < 0.01, *p < 0.05, *p < 0.1. RBC (106/uL); MCV (fL); MCHC (g/dL); RDW (fL); Reticulocyte (%); WBC (103/uL); Platelet count (103/uL); AST (U/L); High AST (U/L); LDH (U/
L). RBC variable was excluded from multivariable models. *Logistic regression models. 5GEE for binary (binomial) variable. “Scaled by 10 (i.e. RBC * 10). dScaled by 0.1 (i.e.

Parameter At enrolment
g: ::;Tnfelits)ize Haemoglobin >5 g/dL,  Very severe fanaemia
[mean + SD or n (%)] (Haemoglobin <5 g/dL)
[mean + SD/n (%)]

Age (years) (3570) 7.0 (3.2-12.9) 8.0 (4.2-14.4)

Sex-(males) (3586) 1707 (49.6) 84 (57.1)

Pallor (1256) 414 (34.1) 30 (732)

Physical signs
Pulse rate (3200) 98.5 + 20.6 104.3 + 23.7
Enlarged spleen (3142) 310 (10.3) 49 (38.9)
Hepatomegaly (1095) 57 (5.4) 7 (19.4)

Laboratory features
RBC" (3575) 3.0 £ 0.7 16 £ 04
MCV (3575) 79.1 £ 10.6 84.8 + 133
Macrocytosis (3575) 255 (7.5) 41 (25.9)
Microcytosis (3575) 1717 (50.2) 51 (32.3)
MCHC (3566) 32320 307 25
RDW (3572) 228 :+38 260 + 43
Reticulocyte (1196) 11.6 + 7.6 147 + 9.2
WBC (3548) 15.7 + 6.2 19.5 + 9.2
Platelet count® (3528) 4262 + 178.9 254.0 + 196.5
AST (1641) 48.1 £ 20.9 57.0 £ 29.2
High AST (1641) 56 (3.5) 5 (8.1)
LDH? (1504) 1006 + 419 1304 + 616

LDH * 0.1; Platelet count* 0.1).

1.00 (0.98-1.02)
1.35 (0.97-1.89)
5.28 (2.62-10.64)**

1.06 (1.04-1.09)** 1.03 (1.02-1.05)**

1.01 (1.01-1.02)**
5.55 (3.81-8.10) **
4.24 (1.78-10.10)**

1.01 (1.00-1.02)*
2.06 (1.27-3.34)*

1.01 (1.01-1.02)**
1.96 (1.58-2.42)**

0.54 (0.50-0.58)**
1.05 (1.04-1.07)**
4.34 (3.00-6.34)**
0.47 (0.34-0.66)**
0.70 (0.64-0.76)**
1.20 (1.16-1.25)**
1.05 (1.02-1.08)**
1.08 (1.05-1.10)**
0.94 (0.93-0.95)**
1.01 (1.01-1.03)*

2.26 (0.87-5.85)*

1.01 (1.01-1.02)**

1.06 (1.03-1.08)** 1.06 (1.05-1.07)**

0.79 (0.70-0.89)**
1.23 (1.17-1.29)**

0.75 (0.71-0.79)**
1.21 (1.18-1.23)**

0.97 (0.94-0.99)** 0.95 (0.95-0.96)**

Table 2: Factors associated with very severe anaemia in univariate and multivariate analysis in individuals with SCD at enrolment and during clinic visits.

During hospitalisation, age, pallor, pulse rate and
enlarged spleen were important clinical factors associ-
ated with an increased risk of very severe anaemia in a
univariable model (Table 4). In multivariate model, in-
dividuals with pallor were 6.4 times likely to have very
severe anaemia while odds ratio (OR) increased three-
times in individuals admitted with enlarged spleen.
MCV and RDW were the haematological parameters
associated with very severe anaemia, with an increase in
MCV and RDW by one unit associated with an increase
in odds ratio (OR) of very severe anaemia by 2% and 9%,
respectively, Table 4. A model, pooling all visits
(n = 1950) where the average number of visits was 1.4
and the highest number of hospitalisations been 8 is
presented in the last column of Table 4. This column
shows that the significant variables that predict very
severe anaemia during hospitalisations were pallor, high
pulse rate, MCV MCHC and RDW (Table 5).

Mortality as an outcome of very severe anaemia at
enrolment

3692 patients with SCD were followed up for 12,170-
person years of which 338 (9.15%) died. The number
of deaths per population were not significantly different
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between males 171 (9.3%) and females 167 (9.1%),
p = 0.852. Two deaths occurred the same day patients
were enrolled into the study and were not considered for
time-to-event analysis. The crude mortality rate was 27.6
deaths per 1000-person years (95% CI: 24.8-30.7).
Adjusting for the effect of age, individuals with very
severe anaemia were at increased risk of dying, where
the hazard ratio (HR) was 4.78 times higher (95% CI:
3.65-6.25, p < 0.001) when compared with those with
haemoglobin >5 g/dL. The risk ratio for mortality was
highest in children aged <2 years, and was decreasing
steadily with increase in age, from HR = 0.73 (95% CL:
0.39-1.35) in children aged 2—4 years to HR of 0.38
(95% CI: 0.20-0.71) in patients in age group 10-17 years
when compared to those aged 0-1 years, Fig. 4A. There
was no significant different in the mortality ratio be-
tween children aged 0-1 years and patients aged >18
years (HR = 0.71; 95% CI: 0.38-1.31, p = 0.269).

Epidemiology of very severe anaemia in SCD during
steady state: prevalence, incidence, associated
factors and mortality

Out of 14,371 visits observed under steady-state, preva-
lence of very severe anaemia was 3.6% (n = 522)
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Parameter (n = sample Enrolment (First visit) Multiple visits
GiFe it GGl ey Haemoglobin >5 g/dL, Very severe anaemia Univariable®, Multivariable” Multivariable®,
[mean + SD or n/N (%)]  (Haemoglobin <5 g/dL),  OR (95% Cl) (n = 1105, R* = 0.28), multiple events
[mean £ SD or n/N (%)] OR (95% CI) (n =3934),
OR (95% CI)
Age (years) (1350) 2.5 (1.4-3.7)° 2.7 (1.8-4.0)° 1.04 (0.78-1.71) 1.23 (0.92-1.65) 1.101 (0.78-1.56)
Sex (male) (682) 688 (53.4) 38 (61.3) 1.38 (0.82-2.33)*
Physical signs
Pulse rate (1147) 109.8 + 233 113.4 + 28.3 1.01 (0.99-1.02)
Pallor (334) 107 (33.2) 8 (66.7) 4.02 (1.18-13.65) *
Enlarged spleen (1153) 129 (11.8) 28 (48.3) 7.00 (4.04-12.08)**  3.25 (1.56-6.79)** 213 (1.41-3.21)**
Hepatomegaly (253) 16 (6.6) 1 (10.0) 1.58 (0.19-13.23)
Laboratory features
RBC (1347) 311+ 074 170 £ 036 0.46 (0.39-0.55)"*
MCV (1348) 777 + 101 831+ 14.4 1.06 (1.03-1.09)** 1.08 (1.05-1.02)**
Macrocytosis (1348) 58 (4.5) 14 (22.9) 6.31 (3.29-12.12)**
Microcytosis (1348) 724 (56.3) 22 (36.1) 0.44 (0.26-0.75)**
MCH (1336) 247 + 87 287 £ 289 1.01 (1.00-1.02)**
MCHC (1344) 315+ 17 301 £ 2.0 0.61 (0.52-0.72)**  0.68 (0.55-0.85)** 0.79 (0.69-0.90)**
RDW (1344) 236 £3.6 26.7 + 4.0 1.21 (1.14-1.29)** 1.16 (1.07-1.26)** 1.23 (1.17-1.29)**
Reticulocyte (1344) 133+ 81 16.4 + 9.8 4 (0.99-1.09)°
WBC (1326) 182+ 6.9 213+ 9.6 1.06 (1.02-1.09)**  1.06 (1.01-1.11)**
Platelet count® (1329)  385.3 & 174.0 205.3 + 165.8 0.92 (0.90-0.94)**  0.95 (0.92-0.97)** 0.95 (0.94-0.97)**
AST (512) 49.4 £ 20.6 54.8 £ 315 1.01 (0.99-1.03)
LDH® (494) 1005 + 426 1159 + 514 1.01 (1.00-1.02)
**p < 0.01, *p < 0.05, p < 0.1. *Inter-quartile range. "Logistic regression models. “GEE for binary (binomial) variable. %Scaled by 10 (i.e. RBC * 10). *Scaled by 0.1 (i.e. LDH *
0.1; Platelet count* 0.1).
Table 3: Factors associated with very severe anaemia in univariate and multivariate analyses in children <5 years with SCD at enrolment and during visits.

Parameter At enrolment All clinic visits
(art] :nsrzr;::eli:)ize Anaemia, Very sc—*:tvere Univariable, Multivariable Multivariable,
[mean + SD anaemia, OR (95% Cl) (n = 1104, R2 = 0.19), multiple events
or n/N (%)] [mean + SD OR (95% Cl) (n = 1950),
or n/N (%)] OR (95% Cl)
Log (age) (years) (1252) 19 + 0.9 2109 1.23 (1.06-1.42)** 1.67 (1.37-2.02)** 179 (1.47-2.19)
Sex-(males) (1254) 491 (51.4) 160 (53.5) 1.09 (0.84-1.41)
Pallor (1203) 485 (53.1) 253 (87.8) 6.41 (4.40-9.33)** 6.45 (4.19-9.93)** 9.95 (6.70-14.79)**
Pulse rate (1191) 100.9 + 21.8 105.2 + 19.1 1.01 (1.00-1.02)** 1.01 (1.00-1.02)** 1.01 (1.00-1.03)*
Enlarged spleen (1166) 146 (16.5) 166 (41.1) 3.53 (2.63-44.75)** 2.99 (2.10-4.27)**
Laboratory features
RBC (1234) 28:07 15+ 0.4 0.53 (0.45-0.58)**
MCV (1235) 80.1 + 14.1 84.5 + 15.0 1.03 (1.02-1.04)** 1.02 (1.01-1.03)** 1.03 (1.01-1.04)**
Macrocytosis (1235) 103 (10.9) 76 (26.4) 5.84 (3.11-10.97)**
Microcytosis (1235) 719 (56.3) 27 (38.6) 0.49 (0.30-0.80)**
MCH (451) 26039 269 +37 1.06 (0.99-1.13)§
MCHC (1240) 316 +17 313 :23 0.90 (0.83-0.96)** 0.88 (0.81-0.94)**
RDW (1242) 22137 23.6 + 4.4 110 (1.07-1.14)** 1.09 (1.04-1.13)** 116 (1.12-1.21)**
Reticulocyte (471) 11.8 + 6.9 128 + 9.8 1.02 (0.99-1.04)
WBC (1123) 19.9 + 81 21.8 £+ 9.9 1.02 (1.01-1.04)**
Platelet count (1227)° 381 + 194 308 + 227 0.98 (0.97-0.99)**
LDH (892)" 920 = 489 986 + 492 1.00 (1.00-1.01)§
**p < 0.01, *p < 0.05. °p < 0.1. *Scaled by 10 (i.e. RBC * 10). bScaled by 0.1 (i.e. LDH * 0.1; Platelet count* 0.1).
Table 4: Factors associated with very severe anaemia in univariate and multivariate analysis in of individuals with sickle cell disease in the first
hospitalisation and during multiple hospitalisations.
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Parameter (n = sample
size at enrolment)

Non-life-threatening
anaemia,

[mean + SD

or n/N (%)]

Very severe
anaemia,

[mean + SD
or n/N (%)]

Univariable,
OR (95% Cl)

Multivariable
(n = 351, R? = 0.89),
OR (95% Cl)

Multivariable,
multiple events
(n = 500), OR (95% Cl)

Log (age) (396)
Sex (male) (396)
Physical signs

Pallor (378)

Pulse (369)

Enlarged spleen (364)
Laboratory features

0.86 = 0.60
181/316 (57.3)

165/303 (54.5)
108.24 + 26.13
66/289 (22.8)

0.99 + 0.51
49/80 (61.2)

62/75 (82.7)
110.65 + 20.43
44175 (58.7)

1.60 (1.03-2.49)*
118 (0.71-1.94)

3.99 (2.10-7.56)**
1.00 (0.99-1.01)
2.86 (1.21-6.73)*

0.49 (0.41-0.59)**
1.05 (1.03-1.08)**
3.43 (1.82-6.46)**
0.44 (0.26-0.74)**
0.76 (0.65-0.90)**

132 (1.04-1.68)*

2.10 (1.12-3.96)*

1.04 (1.01-1.07)**

0.81 (0.67-0.99)*
112 (1.03-1.20)**

1.33 (1.09-1.61)*

212 (1.27-3.54)*

1.04 (1.02-1.07)**

0.87 (0.74-1.02)°
1.14 (1.07-1.22)**

RBC (392)" 2.89 + 0.73 151 + 0.34

MCV (389) 79.17 + 11.50 8538 + 11.76
Macrocytosis (389) 27 (8.8) 21 (25.0)
Microcytosis (389) 154 (50.5) 26 (30.9)

MCHC (1240) 3132 £ 1.57 30.63 = 1.90
RDW (393) 23.25 £ 3.69 24.89 + 421
Reticulocytes (136) 12.30 + 7.20 15.67 + 8.93
WBC (346) 21.57 + 8.18 24.90 + 9.48
Platelet count (394)° 347.05 + 188.48 20057 + 147.73
LDH (289)" 916.70 + 484.76 1069.43 + 456.78

**p < 0.01, *p < 0.05. °p < 0.1. *Scaled by 10 (i.e. RBC * 10). "Scaled by 0.1 (i.e. LDH * 0.1; Platelet count* 0.1).

1.06 (1.00-1.12)*
1.05 (1.01-1.08)**
0.94 (0.93-0.96)**
1.00 (1.00-1.01)*

0.96 (0.94-0.98)**

(
(
(
(
(
111 (1.04-1.18)**
(
(
( 0.96 (0.95-0.98)**
(

Table 5: Factors associated with very severe anaemia in children <5 years with SCD in the first hospitalisation in univariate and multivariate model.

compared to 4.6% (610/13,360), p < 0.01 in patients
visits not in steady-state. Overall, clinical and laboratory
factors associated with very severe anaemia in SCD
during steady-state are summarized in Table 6. Under
univariable analysis factors that were significantly asso-
ciate with very severe anaemia during the steady-state
included pulse rate, spleen enlargement, platelet
count, MCV, MCHC, RDW, reticulocyte, WBC and
LDH, Table 6. With multivariate analysis, the factors
that were associated with life threatening anaemia were
MCHC, RDW and platelet count with a p < 0.001.

Kaplan—Meier curves showing impact of very severe
anaemia at enrolment and at steady state is presented in
Fig. 4B and 4C, which sows that individuals with very
severe anaemia and those with steady state haemoglobin
<5 g/dL had high mortality. In the analysis based on the
level of haemoglobin during steady-state, the mortality
rate was 4.41 times higher among those with steady
state haemoglobin >5 g/dL but with very severe
anaemia before death when compared to those with
steady state haemoglobin >5 g/dL but with haemoglo-
bin > 5 g/dL, while for those with steady-state
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© z - z .
Z 6 @ < | A /
3 e i = ° :
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o | Q
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Fig. 4: Mortality rate from all cause with associated 95% Cl (A), survival probabilities (B) among SCD patients with life-threatening and non-
severe anaemia, and by steady-state categories (C). Time zero was defined as the day of enrolment into the study.
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Variable Univariable Multivariate (n = 13,512)
OR (95% Cl) p-value  OR (95% CI) p-value
Log (age), (n = 14,354) 1.00 (0.86-1.17) 0.987
Sex (n = 14,371) 1.20 (0.90-1.61) 0.220
Pulse (n = 14,155)° 1.07 (1.04-1.11) <0.001  1.05 (1.00-1.01) 0.075
Hepatomegaly (n = 12,262) 1.59 (0.83-3.05) 0.161
Enlarged spleen (n = 13,996) 2.53 (1.93-3.32) <0.001  1.68 (1.25-2.25) 0.001
Laboratory features
MCV (n = 14,267) 1.06 (1.05-1.07) <0.001  1.08 (1.066-1.10)  <0.001
MCHC (n = 14,287) 0.75 (0.71-0.79) <0.001  0.80 (0.75-0.86)  <0.001
RDW (n = 14,324) 1.20 (1.17-1.23) <0.001 1.22 (1.19-1.26) <0.001
Reticulocytes (n = 5790)° 1.06 (1.03-1.08) <0.001
WBC (n = 14,325)° 1.06 (1.05-1.08) <0.001
Platelet count (n = 14,257) 0.95 (0.94-0.96) <0.001  0.96 (0.96-0.97)  <0.001
AST (n = 14,257)*¢ 1.003 (0.990-1.016) 0.643
LDH (n = 2328)*° 1.01 (1.01-1.02) <0.001

*Variables were not significant in the multivariate model. *Scaled by 10 (i.e. RBC * 10). “Scaled by 0.1 (i.e. LDH *
0.1; Platelet count* 0.1).

Table 6: Clinical and laboratory factors associated with very severe anaemia in SCD during steady-

state.
haemoglobin <5 g/dL and presenting with very severe
anaemia their, hazard ratio was 6.76 (95% CL:
4.31-10.62, p < 0.001) times higher, Table 7. It was
interesting to note that there was no difference in mor-
tality risk ratio between the participants with steady-state
haemoglobin >5 g/dL and presenting with haemoglobin
> 5 g/dL when compared to those with steady-state
haemoglobin <5 g/dL but with haemoglobin >5 g/dL,
p = 0.826, Table 7. Furthermore, the Cox regression
model, shows that mortality risk was decreasing signifi-
cantly with increasing age to the age group 10-17 years.
Discussion
This study aimed to determine the prevalence and
incidence of very severe anaemia, related clinical and
laboratory factors, and their association with mortality in
a cohort of patients with SCD followed up for 10 years.
Understanding the burden of very severe anaemia is the
Variable HR 95% CI p-value
Steady-state haemoglobin >5 g/dL & No very severe anaemia 1
Steady-state haemoglobin >5 g/dL & Very severe anaemia 4.41  3.07-6.32 <0.001
Steady-state haemoglobin <5 g/dL & No very severe anaemia 0.80  011-572 0.826
Steady-state haemoglobin <5 g/dL & Very severe anaemia 6.76 431-10.62  <0.001
Age group (years) 1 =
24 064  032-128 0209
5-9 040  020-0.80 0.009
10-17 035  020-0.69 0.002
18+ 062 031122 0.164

Table 7: Mortality hazard ratios among SCD patients with very severe anaemia at different levels
of steady-state haemoglobin adjusted by age group.

10

first step in a strategy to identify the causes of anaemia
and understand of pathophysiological mechanisms
involved in anaemia in SCD. This is one of the detailed
studies to have focused on the importance of anaemia as
a cause of morbidity and mortality in patients within a
large cohort of individuals living with SCD, regardless
of age. This study has shown that the prevalence of very
severe anaemia was high during hospitalisation, which
can be attributed to the nature of the disease where
anaemia is one of the major problems in this group and
has been associated with a significant number of hos-
pitalization.” In settings with better resources, and BT
services are better developed, the level of anaemia rarely
reaches severe or life-threatening levels. On the other
hand, in low-resource settings, patients normally attend
health facilities when the severity of illness is more
advanced, resulting in a higher prevalence of very severe
anaemia during hospitalization.

Haemoglobin levels of patients seen at the clinic and
in hospitalisation were lower than that of the general
population. The mean haemoglobin levels at the clinic
were similar to that reported in Yemen by Al-Ghazaly
and colleagues in a cross-sectional study.'® The similar-
ity in these values could be explained by the fact that
most of the patients in our study came for a routine
clinic visit, which in most cases could reflect the steady-
state of SCD. Children below 2 years had a high likeli-
hood of very severe anaemia during the outpatient
clinic, although the risk was not different by age during
hospitalisation. This means that mortality due to
anaemia is likely to be high in children below 5 and
particularly those below 2 years. In most developing
countries, including Tanzania, screening of sickle cell is
not done during birth, which limits the chances of early
detection of SCD and providing comprehensive health-
care."” Furthermore, a lower risk of anaemia in infants
compared to children aged 2—4 years could be explained
by higher fetal haemoglobin in this age groups which is
associated with decreased sickle cell crises including
very severe anaemia. Most children with SCD have
increased risk of early mortality because of lack of
proper intervention such as prophylactic medicines and
vaccines as well as SCD-specific interventions that can
only be provided if the SCD diagnosis is known.'®*

Several clinical and laboratory features were associ-
ated with very severe anaemia in children and adults in
univariable models, however in the multivariate models
only few of them were significant. Spleen enlargement
and pallor are among the features known to be associ-
ated with very severe anaemia in individuals of all age
groups. Enlargement of spleen is the result of hyper-
functioning of the organ in removing abnormal and
damaged sickled red blood cells from the circulation,
which results in decreased haemoglobin concentration
and if severe it manifests in pallor (palm and eye), which
was also evident in this study. Enlarged spleen is also a
common clinical feature in malaria endemic areas,
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where children with high malaria parasite density have
enlarged spleen due to the same effect of removing
parasitized red blood cells.”*

In this study, low haemoglobin concentration was
independently associated with mortality in children
below the age of five years. Individuals who had a his-
tory of very severe anaemia (haemoglobin <5 g/dL) were
at higher risk of dying than their counterparts. Similar
tendency has also been reported in previous studies.”*’
This indicates the importance of monitoring the hae-
moglobin level in SCD to minimize risk of very severe
anaemia. So far, interventions to reduce mortality have
been aimed to address the recognized causes of death,
namely infections, acute splenic sequestration, and
acute chest syndrome. BT therapy is necessary in SCD,
particularly during acute episodes and perioperatively,*
but chronic BT is not a viable treatment option in Africa
due to problems of inadequate blood supply, risk of
transmission of infections and alloimmunization.'**
Because severe anaemia is associated with a high risk
of mortality, it is normally an indication of emergency
BT. However, a potentially affordable and effective
interventional therapy with hydroxyurea, when available,
can Dbetter prevent severe anaemia, reduce BT re-
quirements, modestly increasing haemoglobin and
improving survival.”*

Besides providing data that shows the importance of
monitoring haemoglobin levels in patients with SCD,
this study, for the first time highlighted important
clinical and laboratory parameters associated with very
severe anaemia in SCD. Moreover, based on findings of
this study, priority should be given to the establishment
of surveillance platforms for SCD with the aim of
providing proper management of sickle cell crises
including anaemia, as well as providing accurate sur-
vival data and identifying causes of mortality particularly
in early childhood. Furthermore, since very severe
anaemia is associated with high mortality, detailed
studies to identify causes of anaemia in patients with
SCD are recommended. Randomised clinical trials to
determine appropriate interventions to ameliorate the
effects of very severe anaemia in SCD are also
warranted.

This study has some limitations that may have
affected the outcome. The incidence of very severe
anaemia was calculated based on the follow-up time
between two consecutive clinic/hospital visits, which
does not rule out the possibility of patients having an
event of very severe anaemia between the visits. It is
important to note that the mean time between two
consecutive clinics is between 1.9 and 10.4 months, a
period which is long enough to miss events of interest
in patients with SCD, who could have been seen at
another health facility without our notice. Furthermore,
the time difference varies across different age groups,
which means that the age group with shorter time be-
tween the follow-up visits is likely to have more events of
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very severe anaemia detected, and this could not be
taken care of in this analysis. Missing important data,
particularly malaria diagnosis status in these patients,
was another limitation, as it was difficult to draw accu-
rate estimates of the potential contribution of malaria to
the observed burden of anaemia. In malaria endemic
areas, malaria is one of the major factors associated with
severe anaemia in individuals with SCD. There is a
possibility that some events were not attended at
Muhimbili National Hospital because, in the later years
of the study, care for patients with SCD was strength-
ened by opening SCD clinics in peripheral hospitals,
which could cause ascertainment bias. To minimise the
rate of loss to follow-up, we initiated a system of iden-
tifying patients who were lost to follow-up and tracing/
contacting them by telephone number or home visits to
encourage them to attend clinics.

Some deaths could have been missed and counted as
loss to follow-up and hence censored. This paper
focused on the prevalence of anaemia and its relation-
ship to mortality, and suggests further studies to be
conducted to define the etiologies of anaemia in SCD.

In conclusion, the burden of very severe anaemia in
SCD was high, especially during hospitalization. Very
severe anaemia was an independent predictor of mor-
tality with the highest impact in children under 5 years.
There is an urgent need to improve prevention, diag-
nosis, and interventions for very severe anaemia in SCD
in Africa, as well as conduct research to elucidate the
aetiology and mechanisms of anaemia in this population.
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