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Abstract

Sections

Asplenia (the congenital or acquired absence of the spleen) and
hyposplenism (defective spleen function) are common causes of
morbidity and mortality. The spleenis a secondary lymphoid organ
thatisresponsible for the regulation of immune responses and blood
filtration. Hence, asplenia or hyposplenism increases susceptibility
tosevere andinvasive infections, especially those sustained by
encapsulated bacteria (namely, Neisseria meningitidis, Streptococcus
pneumoniae, Haemophilus influenzaetypeb). Aspleniais predominantly
due to splenectomy for either traumatic events or oncohaematological
conditions. Hyposplenism can be caused by several conditions, including
haematological, infectious, autoimmune and gastrointestinal disorders.
Anatomical disruption of the spleen and depletion of immune cells,
especially IgM memory B cells, seem to be predominantly responsible
for the clinical manifestations. Early recognition of hyposplenism and
proper management of asplenia are warranted to prevent overwhelming
post-splenectomy infections through vaccination and antibiotic
prophylaxis. Although recommendations are available, theimplementation
of vaccination strategies, including more effective and immunogenic
vaccines, is needed. Additionally, screening programmes for early
detection of hyposplenismin high-risk patients and improvement of
patient education are warranted.
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Introduction
Thetermaspleniarefersto the congenital (extremely rare) or acquired
(mostcommonly after surgery) absence of the spleen, whereas the term
hyposplenism (also known as spleen hypofunction or defective spleen
function) refers to the acquired impairment of spleen functions'. The
aetiological causes of aspleniaand hyposplenism are multiple and com-
plex** (Box1). Both conditions are associated with several disorders,
including innate, immune-mediated, hepatic, haemolytic, autoim-
mune and circulatory disorders. In addition, gastrointestinal and infec-
tious diseases may predispose individuals to spleen hypofunction’”.
Taken together, these are common conditions worldwide; however,
hyposplenism remains largely underdiagnosed as only in the past
20yearshasitbeenrecognized as aspecific nosological entity leading
to the definition of its predisposing factors and disease associations>®’.
Thetermhyposplenismwas first usedin 1913 toindicate, improp-
erly,ageneral ‘post-splenectomy’state®, Only later, was the modern con-
ceptofhyposplenismintroduced, inanalogy to thyroid hypofunction,
thatis, hypothyroidism’. We now know that asplenia and hyposplenism
represent agreat disease burden for patients because they predispose
tothelifelong development of severe and systemic infections (termed
overwhelming post-splenectomy infection (OPSI)), especially those
sustained by encapsulated bacteria (specifically, Neisseria meningitidis,
Streptococcus pneumoniae and Haemophilus influenzae type b)'° 2,
Autoimmunity and thromboembolism also seem to be of concernin
these patients, although evidence is more incomplete’, and the causes
ofthese phenomenaarestillpoorly understood. Althoughsome progress
hasbeenmadeinearly recognition of these conditionsandin tailoring
health-care pathways to improve their clinical management, includ-
ing leaflets, awareness campaigns, and spleen registries, most physi-
cians and members of the public are still not fully aware of the clinical
significance of asplenia and hyposplenism, and their consequences”.
Most of our knowledge about the spleen derives from studies con-
ductedinthe past century’. The spleenis asecondary lymphoid organ
thatislocatedinaprivileged anatomiclocationin the abdomen, strictly
communicating with the digestive system through the hepatic portal
systemthatis formed by the superior and inferior mesenteric veins and
the spleen vein™ (Fig. 1). Hence, several gastrointestinal diseases may
be associated with hyposplenism for both anatomical and functional
reasons. The spleen has two main functions: blood filtering, which
is necessary for removing old erythrocytes (haemocatheresis) and
otherblood cells,and mounting immune responses against pathogens
through both theinnate and adaptive immune system branches'. These
functionstake placeintwodifferentanatomical partsof thespleen, thatis
thered pulp, whichis asponge-like structure through which the blood
is continuously filtered in sinuses and cords, and the white pulp, where
several immune cells and adaptive immune responses occur (Fig. 1).
Aheterogeneousgroup ofIgMmemoryBcellsarelocatedinthe extreme
periphery of the white pulp, named the marginal zone'>'¢. gM memory
Bcells are central to mounting prompt responses against both viraland
bacterial pathogens, and to maintaining T cell-independent immune
responses, even after vaccination”. The increasing availability of
unconjugated and conjugate vaccines against encapsulated bacteria”,
as well as new insights gained through the coronavirus disease 2019
(COVID-19) pandemic and on the effects of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) onspleen function'®”, have fuelled
greatinterest in the study of patients with asplenia or hyposplenism.
In this Primer, we review the latest knowledge on asplenia and
hyposplenism, including epidemiology, pathophysiology, diagnosis,
vaccination strategies for preventing OPSI, overall management and

patient quality of life (QOL). We also discuss the most compelling issues
that will drive future strategies for early recognition and appropriate
management of these conditions.

Epidemiology

Theepidemiology of aspleniaand the epidemiology of hyposplenism
are linked with the prevalence and global distribution of the various
associated aetiological factors (Box 1). Due to this broad association
with other diseases, its under-recognition and the lack of extensive
epidemiological studies, the global prevalence of asplenia and hypo-
splenism cannot be estimated. Hence, we report the epidemiology
depending on the specific aetiologies of asplenia and hyposplenism.

Congenital

Aspleniamay be congenital, being typically inherited as an autosomal
dominant trait®. Congenital asplenia is rare but has been linked to
several disorders, with variable penetrance. For example, Ivemark syn-
drome, a heterotaxy estimated to occur in1per 40,000 live births?, is
associated with aspleniain almostall cases. In children with congenital
heart disease (with a prevalence innewborns of 0.75-0.9%), splenic mal-
formations or aspleniaoccurin1per5,000-7,000 of these newborns™.
Isolated congenital asplenia (ICA) is defined as being born without
aspleenin the absence of any other developmental anomalies. The
incidence of ICAisrelatively low, occurringin1per 600,000 to 0.51 per
millionbirths**?*, However, thisis thought to be an underestimation due
to poor diagnostic protocols®, and ICAis often diagnosed accidentally
inadulthood®?*?*. According to these available studies, splenic atrophy
and asplenia have beenreported tobe commonin autoimmune polyen-
docrinopathy-candidiasis-ectodermal dystrophy (APECED) syndrome,
but the exact estimate is not known. APECED syndrome, caused by
mutations in AIRE, occurs worldwide. The prevalence of APECED is
highest in Iranian Jews at 1 per 9,000 and ranges from 1 per 14,500 to
over 1 per 10 million in other ethnic populations”?®, Other congenital
abnormalities that may include asplenia are fetal hydantoin syndrome,
Stormorken syndrome and congenital cyanotic heart disease’.

Trauma

The most common cause of asplenia is surgical removal of the spleen
following trauma-related injuries'. In the USA, an estimated 40,000
splenicinjuries occur annually with 10-15% requiring emergency sple-
nectomy”>*°. In Australia, the incidence of traumatic splenectomy is
~6.4 per million annually®. Inaretrospective study from China focusing
on military hospitals, almost 8,000 splenic injuries occurred during
~10 years, most of which were treated surgically®. In France, across
l6institutions,inthe contextof aclinicaltrial, 133 cases of splenictrauma
werereported inthe period 2014-2017 (ref.**). By contrast, thereis a pau-
cityofdataontrauma-related splenectomy fromothergeographicareas,
such as Africa®* . A retrospective survey from South Africa showed
that-10% of trauma patients needing surgery required splenectomy?*,
whereas in retrospective studies in Nigeria 60% of cases involved
splenectomy”® with more conservative management in children®.

Blood disorders

Thesecond leading cause of surgical aspleniais related to the treatment
of certainblood disorders, such as sickle cell disease (SCD), hereditary
spherocytosis, Wiskott-Aldrich syndrome,immune thrombocytopenic
purpura (ITP) and warm autoimmune haemolytic anaemia (AIHA)". In
these conditions, secondary hyposplenism may also occur as part of
their natural history. It was initially thought that nearly all children
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Box 1

Main causes of asplenia and hyposplenism

Causes of asplenia

Congenital asplenia

Premature birth

Isolated congenital asplenia

Ivemark syndrome

APECED syndrome

Type | autoimmune polyendocrine syndrome
Hypoparathyroidism-retardation-dysmorphism
Stormorken syndrome

Foetus hydantoin syndrome

Teratogenic warfarin effect

Cyanotic heart disease

Fanconi anaemia

Surgical splenectomy

Causes of hyposplenism

Gastrointestinal diseases

Coeliac disease

Inflammatory bowel disease

Whipple disease

Dermatitis herpetiformis

Intestinal lymphangiectasia

Idiopathic ulcerative enteritis

Primary eosinophilic gastrointestinal disorders
Autoimmune gastritis

Liver diseases

Alcoholic liver disease

Chronic active hepatitis

Liver cirrhosis and portal hypertension
Primary biliary cholangitis

Oncohaematological diseases

Haemoglobin S disease

Haemolytic anaemias (including warm autoimmune haemolytic
anaemia)

Graft-versus-host disease

Acute leukaemia

Chronic myeloproliferative disease

Lymphoproliferative disease

Idiopathic thrombocytopenic purpura

Systemic mastocytosis

Langerhans cell histiocytosis
Breast cancer
Spleen cancer (primary and secondary)

Immune-mediated diseases orimmune deficiencies
Systemic lupus erythematosus
Rheumatoid arthritis
Glomerulonephritis

Granulomatosis with polyangiitis
Goodpasture syndrome
Antiphospholipid syndrome

Sjogren syndrome

Polyarteritis nodosa

Connective tissue disease
Autoimmune thyroid disease
Sarcoidosis

Multiple sclerosis

Isolated IgA deficiency

Common variable immune deficiency

Infectious diseases

HIV infection and AIDS
Pneumococcal meningitis
Malaria

Babesiosis

SARS-CoV-2 infection

latrogenic causes
a-Methyldopa
High-dose steroids

Total parenteral nutrition
Splenic radiotherapy

Splenic vascular alterations
Splenic artery thrombosis
Splenic vein thrombosis
Coeliac artery thrombosis

Various

Amyloidosis

Hyposplenism owing to ageing
Hypopituitarism

Primary pulmonary hypertension

APECED, autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

with SCD develop splenic infarctions leading to auto-splenectomy in
early life or have progressively worsening spleen function requiring
late splenectomy*®*.. However, a systematic review of several studies
found that African patients with SCD have persistence of the spleeninto
late childhood and adulthood*’, similar to other populations displaying
high fetal haemoglobin levels and coinheritance of the a-thalassaemia

trait*>*, Globally, ~300,000 children with SCD are born each year, and
>90% of affected individuals live in sub-Saharan Africa***. Heredi-
tary spherocytosis and ITP are rare haematological disorders with an
incidence of1per 2,000 for hereditary spherocytosisand 0.2-0.7 per
10,000 for ITPamongindividuals of European descentin the USA and
Europe**%, The treatment protocols for both hereditary spherocytosis
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Fig.1| Anatomy, vascularization and histology of a healthy spleen. The
spleenis alymphoid organ 8-12 cminlengthin adults. One or more accessory
spleens may also be present. The spleenis strictly linked to the gastrointestinal
tract through the portal venous system, which is composed of three main
veinbranches (the splenic vein, the inferior mesenteric vein and the superior
mesenteric vein) that drain blood from the spleen, pancreas, stomach and small
bowel. These veins converge into the portal vein that carries blood to the liver.
Theinternal structure of the spleen comprises the red pulp that consists of cords
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and sinuses in which blood is filtered and white pulp that consists of lymphoid
structures specialized in mounting immune responses. Follicles in the white pulp
are composed of the germinal centre (GC), the marginal zone (MZ) and the mantle
zone (Mn; also termed the corona). The MZ contains mostly Blymphocytes and
represents the interface between the white and the red pulp of the spleen. The
central arteriole (CA) is surrounded by a periarteriolar lymphoid sheath (PALS)
that contains mostly T lymphocytes. Histology image: haematoxylin and eosin
stain, x10. Histological sample, image courtesy of V. Villanacci.

andITPinclude splenectomy in severe or treatment-resistant disease,
which accounts for10-30% of cases*®*%, In African populations, heredi-
tary spherocytosisand ITP arethought to be muchless prevalent than
other haematological diseases, such as SCD. An average of ten new
cases of ITP were reported from two hospitals in Nigeria over an 11-year
period***°. Finally, warm AIHA is an autoimmune disorder that results in
excessive destruction of red blood cells by antibodies with or without
complementactivation. The estimated annualincidenceis onetothree
cases per100,000 (refs.’*?). Splenectomy as a therapy for warm AIHA
was once considered the most effective second-line therapy (70-80%
response rate)>’. However, other treatments, such as the monoclonal
antibody rituximab, are now preferred’*.

Other medical conditions

The prevalence of hyposplenismvariesin other conditions, butatrue
figure cannot be estimated as most knowledge is derived from case
reports, case series or small cohort studies. Ingastrointestinal diseases,
hyposplenismis rather common. Using pitted red cell (PRC) count, the
gold standard test for assessing spleen function by counting circulating
redblood cells displaying membrane ‘pits’, hyposplenismis estimated
toaffect 37-100% of patients with alcoholicliver disease’>*°, 33-76% of
those with coeliac disease®”*’,and 47% of those with Whipple disease®”.
These figures are rather high compared with the estimated prevalence
of hyposplenism in haematopoietic stem cell transplant recipients,
which is around 40%°-%>, Among patients with coeliac disease, those
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who haverefractory disease, ulcerative jejuno-ileitis, or enteropathy-
associated T celllymphoma have the highest risk of hyposplenism*%,
whereas hyposplenism is always absent in children. In addition,
aproportion of patients with inflammatory bowel disease, specifically,
35-45% with ulcerative colitis and 9-37% with Crohn’s disease, experi-
ence mild-to-moderate hyposplenism®***, Anecdotally, hyposplen-
ism has been observed in patients with autoimmune gastrointestinal
disorders, including autoimmune gastritis, autoimmune enteropathy
and autoimmune liver disease®*®, although the clinical significance of
this finding remains unclear.

Of note, hyposplenism has also been found in patients with sev-
eral infectious diseases. Preliminary investigations conducted in
2020-2021 demonstrated spleen hypofunction in association with
SARS-CoV-2 infection'. SARS-CoV-2 primarily causes a respiratory
tractinfection, with abroad range of clinical pictures. In a substantial
number of patients, it may cause a systemic inflammatory response
with multiple organ involvement, including the spleen, due to “viral
sepsis®. Smallindependent studies in high-income and middle-income
settings have found impaired spleen function, especially involving the
white pulp, in 29-100% of patients with COVID-19 (refs.'®'**%), which
was generally associated with an unfavourable outcomes. There are
no data from Africa regarding the number of patients experiencing
spleen hypofunction following COVID-19.

Splenicinfarctions, causing spleen hypofunction or spleen atro-
phy, have been documented in patients with several infectious diseases,
including malaria, HIV infection and babesiosis. Malariais the leading
cause of morbidity in sub-Saharan Africa and splenomegaly occursin
70-80% of patients with acute disease®. Splenic enlargements typically
return to normal following treatment. However, -8.8% of non-immune
individuals who develop abdominal pain following malaria suffer
splenic rupture’. Among people living with HIV, the prevalence of
hyposplenism is ~36%"72. Furthermore, the risk of malaria and HIV
co-infections in Africa is a concern. One study demonstrated a link
between mortality and defective spleen function associated with
malaria and HIV co-infections’. Babesiosis has been linked to splenic
infarctions, but this is considered arare occurrence’”.

Finally, hyposplenismhasalsobeenanecdotally reportedinpatients
with autoimmune diseases. For example, <7% of patients with systemic
lupus erythematosus were reported to have spleen hypofunction’.

Overwhelming post-splenectomy infections

Theincidence of OPSlinindividuals who have undergone splenectomy
is well established (-0.13 per 100 person-years)”, but the risk of OPSl is
not known, although probably lower, in those with hyposplenism’.
For this reason, the term OPSI was initially coined for severe infections
occurring after surgical splenectomy and was later extended toinclude
other causes of asplenia or hyposplenism'*’. The factors associated
with the severity and risk of OPSl include immune status, underlying
disease, age and the microorganism involved, with S. pneumoniae,
N. meningitidis and H. influenzae being among the most commonly
identified"*’®. Other associated microorganisms include Pseudomonas
aeruginosa, Capnocytophaga canimorsus, Bartonella spp.and Babesia
spp.”®.Finally, OPSI may develop from gastrointestinal infections, which
arerather commoninasplenia’, possibly due to the decreased levels of
mucosallgA.Ofnote, epidemiological studiesshowedthat 90% of OPSlare
caused by S. pneumoniae, whereas H. influenzae accounts for only ~6% of
OPSI, followed by N. meningitidis and other bacteria. The incidence
of fulminant sepsis is generally low (around 3-7%) but mortality from
sepsisisup to 70%'*",

Haematological diseases, such as thalassaemia, SCD and warm
AIHA, and immunosuppressive treatments have been associated with
the development of OPSland its related mortality to different extents™®.
OPSl-associated mortality in patients who have undergone splenec-
tomy owing to autoimmune thrombocytopenia is similar to that
of patients who have undergone splenectomy owing to trauma, but
lower than that of patients who have undergone splenectomy owing
to oncohaematological diseases, such as Hodgkin disease®.

Therisk of OPSIseems toincrease with age, and the reported num-
ber of infectionsincrease during the first 3 years after splenectomy and
remain mostly stable thereafter®. Nevertheless, in 30-40% of affected
patients, OPSl has been found to occur >5 years after splenectomy, and
rarely has been found to occur >40 years after splenectomy, indicating
along-lasting risk of infections in these patients®.

Mechanisms/pathophysiology

Thespleenlymphocyte milieuis highly organized and complex (Fig.2),
reflecting the privileged anatomical position of the spleen, which is
immunologically linked with the gut. There is evidence of shared roles
ofthe gut and spleen in B cell development from both mouse models
and studies of human tissues®***. Unfortunately, for most conditions,
the causesleading to hyposplenism are largely unknown. Some general
mechanisms, such as spleen atrophy or severe architectural distor-
tion, and/or suppression of the B cell milieu, are shared by virtually
all conditions, such as haematological diseases, coeliac disease and
other gastrointestinal disorders, autoimmune disorders and infec-
tious diseases, including HIV infection'®. This section focuses on the
pathophysiological bases of defective spleen function and asplenia, in
relation to the lymphocyte populations resident in the spleen.

IgM memory B cell depletion and other cell subsets

The unique splenic architecture regulates B cell function. In the
spleen, Band T cellsreside in the white pulpin primary follicles, germinal
centresand T cell areas, forming structures similar to those foundin the
lymph nodes. B cell follicles and germinal centres are surrounded by
the marginal zone (Fig. 2), a reservoir of CD27" memory B cells, mostly
expressing IgM and IgD®. This cell population, also known as IgM*¢, mar-
ginalzone® orinnate®* memory B cells, depend on the spleen for their
generation, survival and function, and are depleted in asplenicand sple-
nectomizedindividuals®. Inthe marginal zone, lgM memoryB cellsarein
direct contact withthe blood, which flows slowly inthe open circulation of
thesplenicred pulp®. This strategic location favours the rapid encounter
withblood-borne pathogens captured by marginal zone macrophages,
triggering the immediate recruitment of memory B cells'. The mucosal
vascularaddressin celladhesion molecule 1(MAdCAMI) is expressed by
thefibroblasts at theborder betweenthefollicles and the marginal zone.
MAdCAMI (refs.”*") is also expressed in endothelial cells of mucosa-
associated lymphatic tissues, such as Peyer’s patches or mesenteric
lymph nodes, and in the high endothelial venules of intestinal villi¥.
Memory B cells of the marginal zone express the MAdCAMI1 ligand inte-
grina,f3,. Lossof MAdCAMI1 disrupts the splenicarchitecture, abolishes
the marginal zone’” and, in the gut, drastically reduces the size of the
associated lymphoid tissue and the number of mucosal IgA plasma cells™.

Therole of the spleen in the survival and function of memory B cells
and in pathogen clearance. IgM memory B cells act as the first-line
defence against infections by secreting natural IgM** ¢ and by gen-
erating most of the IgA plasma cells at mucosal sites”. In the mouse,
Blcells, the population functionally equivalent to human IgM memory
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Fig.2 | Immune cell composition of the healthy spleen. Normal
human spleen visualized using imaging mass cytometry and
corresponding schematic representations that approximate
zones defined by the phenotype of the cells they contain. The
boundaries between the red pulp and white pulp and the germinal
centre (GC) within the white pulp are indicated by dashed lines.

Of note, positioning and relative size of zones differ in every B cell
follicle. Usual distribution of Band T cells (parts aand b). B cells
(CD20; red) occupy most of the white pulp area. CD4"* T cells (CD4;
cyan) comprise most of the T cells in the T cell zone (TCZ) of the
white pulp, whereas CD8" T cells (CD8; green) are relatively more
abundantin the red pulp. Sinusoidal lining cells of the human red
pulp also express CD8. B cell subsets within the follicle (parts ¢
and d). Dividing cells are predominantly located in the GC (Ki76;
white). Naive B cells, which have the highest IgD (green) expression
levels, are located close to the GC. Marginal zone B cells, which
commonly express CD1c (blue), surround the region of strongest
IgD expression. B cells (CD20; red) on the outer region of the white
pulp are CDIc". Distribution of memory B cells within the follicle
(parts e and f). CD27-expressing cells (CD27; green), which are often
considered to be memory B cells, extend to the boundary between
the white pulp and red pulp, whereas CD1c" cells of the marginal
zone are not found in the peripheral boundary. B cells occupying
the marginal zone are, therefore, heterogeneous.

Bcells, are derived from astem cell originating from the fetal liver and
residing in the spleen. Similar to IgM memory B cells, Bl cells secrete
natural IgM, respond to encapsulated bacteria polysaccharides’, and
generate most of the IgA plasma cells in the gut®.

In humans, IgM memory B cells of splenic origin develop without
Tcellsinthe absence of cognate B cell-T cellinteractions, and therefore
belong to a separate T cell-independent lineage” generated in the
spleen®*®, In neonates, IgM memory B cells are the only memory B cell
typeinthe peripheral blood®. Owing to the production of natural IgM
in the serum and natural IgA at mucosal sites and owing to the ability
torespondtoT cell-independent antigens, innate memory B cells that

originateinthe spleen have the primary function of first-line protection
against newly encountered pathogens®. Immunoglobulin sequence
analyses in patients without the spleen showed that, in older children
and adults, innate IgM memory B cells can be recruited to the germinal
centre reaction, acquire somatic mutations, and are remodelled to
increase their specificity'®°. Additionally, the interplay between IgM
memory B cells and switched memory B cells maintains the stability and
rapidity of the response of the B cellmemory pool, serving as asubstrate
for the generation of highly specific switched memory B cells*.
Switched memory B cells are the second major population of
human memory B cells'’’. They are generated only in individuals
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with perfectly functional germinal centres and in patients without a
spleen®. The adaptiveimmune reaction can beinitiated by naive B cells
thatacquire somatic mutations, undergo antigen selection and, finally,
differentiate into high-affinity switched memory B cells and plasma
cells®. The number of switched memory B cells is not substantially
affected by splenectomy®. Germinal centres in the mesenteric lymph
nodes and Peyer’s patches generate high-affinity IgA plasma cells'*%.

Mostinfections start at mucosal sites, where theimmune system
controls pathogen spread and limits the damage by mounting a local
response that is mostly sufficient to prevent organ invasion or sepsis.
B cell-derived plasma cells contribute to local defences by producing
secretory IgA, the only antibody in direct contact with the external
world, positioned on the surface of epithelial cells of the airways, gut
and genitourinary tract'®,

Inindividuals without a spleen, most of these early defence mecha-
nismsare severelyimpaired andimmune responses depend on adaptive
immune pathways, which develop slowly, leaving these individuals
unprotectedin thefirst stages of aninfection'. The lack of early defence
barriers explains theincreased susceptibility to the rapid development
of lethal sepsis in this population™.

Pathogen clearance from the bloodstreamis central toimpeding
the systemic dissemination of several infections, and both the liver
and the spleen, through the portal vein axis, play a major role in this
process'®*. Splenic phagocytes are responsible for blocking pathogen
dissemination that can be intercepted by flowing through the sinuses
of the red pulp, while dendritic cells can mount an adaptive T cell
response'®, In patients without a spleen, these mechanisms are com-
pletelylacking, whichmay be central to promoting the dissemination of
infections; however, there are no studies assessing these mechanisms
inindividuals with hyposplenism.

Hyposplenism or splenectomy due to haematological diseases
Patients withsomeinherited haematological orimmune disorders are
offered splenectomy to treat or alleviate disease-related symptoms. For
example, several studies support the use of splenectomy in hereditary
spherocytosis, transfusion-dependent thalassaemia or ITP°. Although
splenectomy is not neededinall patients with hereditary spherocyto-
sis, the treatment is indicated in those with severe anaemia requiring
frequent transfusions or those with a poor QOL. Partial splenectomy
should be recommended in patients <5 years of age and in those with
autosomal dominant hereditary spherocytosis'’®. Splenectomy is also
indicated in patients with severe transfusion-dependent thalassaemia,
with the goal of reducing excessive blood consumption and conse-
quent severe iron overload'”’. In addition to OPSI, negative effects of
splenectomy in patients with transfusion-dependent thalassaemia
includeanincreased risk of thrombotic complications and pulmonary
hypertension, possibly owing to the augmented number of circulating
platelets and immature erythrocytes, associated with alteration of the
endothelial function, enhanced platelet activation, and decreased
levels of proteins C and S'”’. Splenectomy is also performed in patients
withITP, especially in those with chronic or severe disease*”'%%, Usually,
the recommendation for splenectomy is made much more conserva-
tively in children than in adults with ITP'°%, The use of splenectomy
in patients with ITP has decreased in the past decade, owing to the
availability of alternative, more conservative, therapeutically effective
options, including B cell-depleting antibodies (for example, rituximab)
or thrombopoietin mimetic agents'*®, Splenectomy has beenreported
to increase platelet count in boys with Wiskott-Aldrich syndrome;
however, the benefit of thrombocytopeniaimprovement derived from

splenectomy hasto be weighed against the augmented risk of infections
in a condition already characterized by impaired immune function,
including reduced antibody production'®,

Hyposplenism due to SARS-CoV-2 infection

Although based on preliminary observations, SARS-CoV-2 infection
seemsto cause hyposplenismin asubstantial proportion of hospitalized
patients,leadingtounfavourableoutcomes'®.In63 patientswithCOVID-19,
55 (87.3%) had IgM memory B cell depletion of whom 18 (32.7%) died
during hospitalization'. According to autopsy studies in patients who
died from COVID-19, SARS-CoV-2 has a high tropism for the spleen, as
demonstrated by high virus RNA levels in this organ" ', Inaddition to
several unspecificalterationsinvolving both the splenic vascularization
and thered pulp, SARS-CoV-2 seems to specifically affect the white pulp
by altering the germinal centre and the marginal zone architecture and by
selectively depleting IgM memory B cells’. The mechanisms leading
tothis selective depletion are not known, and whether this mechanism
is reversible still needs confirmation. Of note, the haemocatheretic
function of the spleen, as assessed by PCR count, does not seem to be
affected, atleast inthe acute phase of the infection'®, This observationis
the only known case of dissociation between the impairment of the white
and the red pulp. This finding needs to be confirmed in larger studies.

Complications

As already mentioned, OPSl is the most threatening complication of
splenectomy, owing to the lack of IgM memory B cells' . Inaddition, an
increasedrisk of both venous and arterial vascular complications may
result from splenectomy, especially when performedin patients witha
haematological disorder' . Thromboembolic events following splenec-
tomy are multifactorial, and are a consequence of a hypercoagulability
state, thrombocytosis and platelet activation, altered blood viscosity,
endothelium activation and dyslipidaemia. Particularly, in patients
who have undergone splenectomy owing to thalassaemiaintermedia,
anincreased incidence of thromboembolism has been reported™. In
astudyincluding 8,860 patients with thalassaemia, those with thalas-
saemiaintermediahad a high prevalence of thromboembolism (4%)".
Althoughthere are no prospective studies, some authors recommend
thromboprophylaxis (that is, anticoagulation or antiplatelet agents)
after splenectomy, especially in case of thalassaemia™®'”, In coeliac
disease, whichis frequently associated with hyposplenism, anincreased
but modest risk of thromboembolism hasbeen foundinalarge registry
study from Sweden"®. However, the authors concluded that this may
have been due to a surveillance bias, and pathophysiological bases of
this observation have not been tested.

Diagnosis, screening and prevention

Asplenia, either congenital or after surgery, is easily diagnosed through
imaging techniques, including abdominal ultrasonography, CT and
MRI™, which will all show the anatomical absence of the spleen.
Other congenital spleen anatomical variants or abnormalities can be
diagnosed, such as accessory spleen(s), polysplenia (the presence of
multiple spleens, usually associated with other congenital abnormali-
ties) and splenosis, whichis anacquired condition due to seeding and
implantation of splenic tissue occurring either after a traumatic splenic
rupture or intentionally performed during splenectomy to, at least
partially, preserve spleen function"*?°, By contrast, the diagnosis of
hyposplenism, which requires the assessment of spleen function, is
more demanding, as the gold standard diagnostic test, PRC count, is not
widely availablein clinical practice.
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Diagnosis
The diagnosis of defective spleen function is mostly based on the
assessment of the filtering function in the red pulp, through either
radioisotopic methods or by searching for erythrocyte morphological
alterations. Radioisotopic methods, which enable morphologicaland
functional evaluation of the spleen, have been abandoned as they are
impracticalinaclinical setting, incur high costsand expose the patientto
ionizing radiation, resultingin a poor safety profile’. Table 1summarizes
all the diagnostic techniques for the assessment of hyposplenism.
Theevaluation of erythrocyte alterations is more feasible, safe and
less expensiveinaclinical setting than radioisotopic assessment'*"12,
Different red cell alterations can be seen in a blood smear from a
patient with asplenia, including Howell-Jolly bodies (red cells with
nuclear remnants), acanthocytes (red cells with spiked cellmembrane),
spherocytes (sphere-shaped red cells), spiculated spherocytes, target
cells (red cells with the appearance of ashooting target), stomatocytes
(red cells with a linear central pallor, which gives the appearance of
coffee beans or kissing lips) and PRCs' *'?*>, Other non-erythrocyte
cell alterations can also be noticed, such as thrombocytosis. Among
these alterations, only PRC count is considered accurate enough for
diagnosing defective spleen function, as other aberrations can alsobe
seen in several haematological disorders. PRCs are erythrocytes with
characteristic pits or vacuoles that can be seen with a phase interfer-
ence microscope equipped with Nomarski optics (Fig. 3). In the case
of normalspleen function, abnormal erythrocytes areremovedin the
spleen (culling function) and particles and impurities can be removed
from erythrocytes without destroying them (pitting function)'**.
Defective spleen functionleads to progressive accumulation of PRCs.
In healthy individuals, PRC count is <4% and a count of >4% is, there-
fore, considered indicative of hyposplenism'”. As erythrocytes take
100-120 days before becoming senescent and being removed in the
spleen, PRC count may increase only after 100-120 days after hypo-
splenism has occurred. Before PRC count, Howell-Jolly body count
was used for assessing spleen function. However, although the results
from the two methods are highly correlated, Howell-Jolly body counts
were found not to be sensitive enough to detect low-level splenic

hypofunction, especially in patients with slight increases in PRC
count of 4-8%"%,

Countingcirculating IgM memory B cells, which are either gener-
ated or stored in the white pulp of the spleen, has also been proposed
for the assessment of spleen function. These cells can be detected
through flow cytometry analysis for the cell surface markers CD22,
CD27 and IgM'?. Peripheral B cell populations have been thoroughly
studied and quantified in both healthy'* and pathological® conditions.
As flow cytometry is widely available and PRC and IgM memory B cell
valuesare well correlated*’, counting IgM memory B cells should be con-
sidered areliable test for assessing spleen function. The lower normal
limit for IgM memory B cells is 26 per microlitre, which is equivalent
to <9% of total B cells™.

Screening

The development of proactive screening strategies for early diagnosis
of hyposplenism has been hampered for several reasons: although PRC
countisinexpensive and highly reproducible, it is not widely availablein
routine clinical practice; the long-term effects of hyposplenism are yet
to be fully understood; and extensive epidemiological studies assessing
hyposplenismand its complications bothinthe general population and
in high-risk populations are lacking. Until more evidence is available,
we would recommend screening for hyposplenism in patients with
certain congenital, gastrointestinal and liver, oncohaematological,
immune-related and infectious diseases, those with certain splenic
vascular alterations, and those with certain conditions of iatrogenic
origin and some others (Box 1).

Clinically, the diagnosis of asplenia is usually straightforward,
as the absence of the spleen is easily diagnosed through radiological
imaging. By contrast, the detection of hyposplenism and the assessment
of its severity are far more difficult, partly because patients with hypo-
splenism may not have symptoms, and partly because spleen function
may beimpaired eveninindividuals with a spleen of regular size.

Although OPSI has been extensively described in surgical and con-
genitalasplenia'?, the evidence forincreased risk of OPSlin hyposplenism
is poorand therisk usually depends onthe severity of spleenimpairment.

Table 1| Diagnostic techniques for the assessment of spleen function

Technique Brief description

Comments

Technetium-99m-labelled sulfur

colloidal scintigraphy spleen function

Splenic uptake of colloidal sulfur particles reflects

Radiation exposure; might be inaccurate in the presence of
hepatomegaly or splenomegaly; now abandoned

Technetium-99m-labelled or

rubidium-81-labelled heat-damaged
autologous erythrocyte clearance

Dynamic evaluation of spleen function through
measurement of erythrocytes clearance time from
the spleen

Very low accuracy due to high false-positive or false-negative
results; now abandoned

Serum tuftsin

Tuftsin is a tetrapeptide on the surface of neutrophils
and is decreased after splenectomy

Not widely available in a clinical setting; no standardized
reference values; may be altered in other conditions; mainly
confined to research settings

Diagnostic imaging, including
abdominal ultrasonography,
CT and MRI

Identification and measurement of spleen size, as well
as anatomical and structural abnormalities

Gold standard for the diagnosis of asplenia; spleen size does
not accurately reflect spleen function, as hypofunction may
occur in a normal-sized spleen

Howell-Jolly bodies count

Red cells with nuclear remnants observable in the
peripheral blood

Not sensitive enough to detect low-level splenic hypofunction,
especially in mild hyposplenism; standardized reference values
do not exist; may increase in several haematological disorders

Pitted red cell count

Peripheral blood erythrocytes with characteristic pits
or vacuoles observable with a phase interference
microscope equipped with Nomarski optics

Gold standard for the diagnosis of hyposplenism; although
inexpensive, not widely available; may have high inter-observer
variability

IgM memory B cell count

IgM memory B cells detectable with flow cytometry

Gold standard for the diagnosis of hyposplenism;
more expensive than pitted red cell count
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Fig.3|Healthy erythrocytes and pitted red cells. Representative
phase interference (Nomarski optics) microscopic images of healthy
erythrocytes (parta) and erythrocytes showing pits or vacuoles
(parts b-e) known as pitted red cells (PRCs) in the blood of a patient
who has undergone splenectomy. A PRC may have one or more pits
onits surface. PRCs are usually removed by a healthy spleen and the
PRC count should be <4% in individuals with normal spleen function.
Partsa-e, x100.

OPSlis far more common within the first 3-5 years after splenectomy,
but may start at any time after defective spleen function hasoccurred.
Various definitions of OPSI have been released**"*, but they are usually
defined by arapid onset, fulminant septic shock, frequently leading to
death within 24-48 h, and mostly sustained by encapsulated bacte-
ria®. The site of infection is often cryptic, and prodromic symptoms
are unspecific. Indeed, OPSl is a recognized complication in patients
with SCD or other severe haematological diseases who usually have
severe spleen dysfunction®?*?, comparable to that in patients who
have undergone splenectomy. In patients with coeliac disease, the risk
of OPSlisunclear but they have aclearly increased risk of pneumococcal
infections; thus, vaccination is warranted**. In other conditions, such
as inflammatory bowel disease, the risk of severe infections by encap-
sulated bacteriais not clear and may be biased by the concomitant use
ofimmunosuppressants or biological drugs and by disease activity™.

Thromboembolism is another clinical manifestation that may
potentially occur in patients with asplenia or hyposplenism, but the
available evidencerelatingtoits epidemiology andrisk factorsis even
morescarce than thatregarding OPSI. Anincreased risk of thromboem-
bolic events has certainly been found in patients who have undergone
splenectomy, and this increased risk seems to be, at least partially,
independent of the typical reactive thrombocytosis noted in these
patients””*%, The patients included in the studies were hospitalized,
which may have affected the risk of thromboembolism. In patients
with hyposplenism, the contribution of the defective spleen function
indetermining thrombotic events remains unclear.

A certain association between the development of autoimmun-
ity and defective spleen function has been postulated, particularly
in coeliac disease, in which this risk depends on the duration of
gluten-containing diet before diagnosis™. Additionally, patients with
uncomplicated coeliac disease were found to have alower prevalence
of hyposplenism than those with other associated autoimmune
conditions”. Hence, patients with coeliac disease who have additional
autoimmune conditions should be screened for hyposplenism.

Hyposplenism should always be suspected in those with mesen-
tericlymph node cavitation syndrome, whichis a very rare syndrome
associated with coeliac disease, often refractory or complicated by
enteropathy-associated T cell lymphoma, and spleen atrophy in most
cases™. Inthis syndrome of unknown aetiology, the mesenteric lymph
nodes show pseudocysticlesions withalarge central cavity, surrounded
by abundant fibroustissue, and the spleenis often atrophic and small.

Finally, although spleen size does not necessarily correlate with
its function, hyposplenism should be ruled out in patients with aninci-
dentalfinding of asmall-sized spleen (length <8 cminmenand <7.5cm
in women) on radiological imaging'*’. In fact, according to a study
including 4,585 patients undergoing abdominal ultrasonography, 128
had asmallspleen and 85 (66%) were hyposplenic (PCR count > 4%)'*.
Several causes of hyposplenism were identified, including oncologi-
cal, haematological, and gastrointestinal diseases, and some of these
patients had had previous severe infections.

Prevention

Strategies to prevent negative effects of spleen absence or hypofunc-
tion differ between patients in whom the spleen has been surgically
removed and those with hyposplenism. Spleen function can be partially
preserved in patients who have undergone splenectomy. Those under-
going splenectomy for trauma can develop spontaneous splenosis,
whichis the seeding of spleen tissue within the peritoneal cavity'*, that
occurs soon after spleen rupture. Splenosis can also be deliberately
performed by the surgeon to preserve minimum spleen function after
spleenremoval. It has been estimated that atleast 20-30 cm? of spleen
tissue are needed to restore normal spleen function'*,

Strategies aiming at preventing hyposplenismin specific clinical
conditions have been poorly addressed. Generally, it is reasonable
to assume that the treatment of the underlying disease could at least
improve spleenimpairmentifit cannotrevert it. For example, in coeliac
disease, reducing diagnostic delay and starting a gluten-free diet early
may prevent the development of hyposplenism®®. Defective spleen
function can be reverted by medical therapy (for example, with the
use of steroids in patients with primary eosinophilic gastrointestinal
disorders' and the use of infliximab in patients with Crohn’s dis-
ease'**). No evidence is available for other conditions associated with
hyposplenism. Figure 4 schematically summarizes a diagnostic
and overall management algorithm for patients with asplenia and
hyposplenism.

Management

Long-term management of asplenia and hyposplenism
Long-term management strategies are mainly aimed at preventing
sepsis and OPSI. Patient education, vaccination and antibiotic chem-
oprophylaxis are recommended for all individuals with asplenia to
prevent infections. Although patients with hyposplenism compared
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with those with asplenia could potentially have a lower risk of getting
such complications, we would still recommend adopting these pre-
cautions until more solid evidence is available for this population. In
particular, several clinical and behavioural norms should be adopted
to prevent OPSI (Box 2).

OPSlisusually promptly recognized when a patient with aknown
history of asplenia or hyposplenism presents with signs and symptoms
of an acute febrile condition. In particular, fever is the cardinal symp-
tomofinfectioninthese patients, although it may be mild at onset and
may be preceded by more subtle and unspecific symptoms, including
skin colour alterations, weight loss, gastrointestinal symptoms (for
example, abdominal pain, altered bowel movements and dyspepsia)
and headache™. As OPSI has a rapid and fulminant course, usually
evolving in 24-48 h, if fever develops, emergency antibiotics should
be self-administered, and individuals should present immediately to
the closest emergency department for prompt management'*. Prompt
medical attention should be sought in the case of an animal bite or
scratch, and counselling should be provided about household pets and
exposure toanimals. Blood culture tests and a peripheral blood smear
should be performed as early as possibly to identify the responsible
pathogen. In the meantime, broad spectrum antibiotics should be
prescribed, such as ceftriaxone plus vancomycin or teicoplanin plus
rifampicin if there is suspicion of highly resistant pneumococci'.
Thereafter, antibiotic therapy can be tailored depending on the anti-
biogram.If septic shock develops, the guidelines of the Survival Sepsis

a High risk of hyposplenism due to other conditions, or suspicion

Campaign should be followed'**. The management of septic shock,
characterized by severe hypotension often followed by multiorgan
failure, consists of early recognition (ideally <1 h after onset), removal
of risk factors (for example, infected foreign bodies, such as catheters
or implantable devices), identification of the pathogen, antibiotic
therapy, fluid therapy and noradrenaline administration'*.

Inthe following sections, we discuss the available strategies for the
long-term prevention of OPSl and for optimizing the overall manage-
ment of patients with asplenia and hyposplenism. The management
of hyposplenism in people living with HIV infection is summarized in
BOX 3 (refs.71,72,1477162).

Vaccinations

Recommended vaccines forindividuals with aspleniaand hyposplen-
ism target particularly encapsulated bacteria, that is, S. pneumoniae,
N. meningitidis and H. influenzae type b that are commonly implicated
in OPSI'37165,

Guidelines recommend the use of both conjugate and unconju-
gated polysaccharide vaccines at the time of diagnosis of hyposplen-
ism or asplenia and subsequently. A conjugate vaccine combines the
antigen that elicits the immune response against a specific pathogen
with a carrier protein that amplifies its immunogenicity and, there-
fore, its efficacy’*®'*’. Generally, conjugate vaccines are preferred over
polysaccharide vaccines as their mechanism bypasses the T cell-inde-
pendent pathway of initiating immunological memory and instead

b Asplenia due to surgery

of hyposplenism or non-surgical asplenia due to clinical manifestations

Screen individuals at high
risk of hyposplenism due
to other conditions

Test for hyposplenism or asplenia in

unexplained thromboembolism or
autoimmune diathesis

® PRC count >4%
* IgM memory B cells <26/pl
or <9% of total B cells

Treat underlying condition
causing hyposplenism if
possible

Search for the underlying condition
causing hyposplenism or asplenia and
treat if possible

| l

Recommend available vaccinations, patient education, early use of
antibiotics or antibiotic chemoprophylaxis if needed and inclusion in a
spleen registry

Fig. 4 | Diagnostic and management algorithm for patients with asplenia and
hyposplenism. Asplenia or hyposplenism may predominantly be suspected
inthree different scenarios: individuals at risk owing to other conditions,
individuals at risk owing to specific clinical manifestations, and individuals
undergoing splenectomy. a, Allindividuals at high risk of hyposplenism (Box 1)
shouldideally be screened for hyposplenism by means of pitted red cell (PRC)
count and/or IgM memory B cell count. In some conditions, such as coeliac
disease and inflammatory bowel disease, the treatment of the disease causing
hyposplenism may improve spleen function, at least partially. Individuals at

risk owing to severe invasive infections, thromboembolism with no known
predisposing factors, and autoimmune diathesis should undergo careful clinical
evaluation after the formal diagnosis of hyposplenism. In both clinical scenarios,
radiological imaging, such as abdominal ultrasonography, abdominal CT or

patients presenting with severe invasive
infections by encapsulated bacteria,

Elective splenectomy Urgent splenectomy

Surgical splenosis
whenever possible

Offer vaccinations
as early as possible

Offer vaccinations
before surgery

® PRC count >4%
* IgM memory B cells <26/pl —
or <9% of total B cells

Recommend patient education, early use of antibiotics or
antibiotic chemoprophylaxis if needed and inclusion in a
spleen registry

abdominal MR, is useful for assessing the presence of the spleen, its morphology
and its size. b, The management of individuals undergoing surgical spleen
removal depends on the reason for surgery and on its timing. If splenectomy

is elective, the recommended vaccinations should be given before surgery,
whereas, if splenectomy is urgent, they should be given as soon as possible after
surgery. Splenosis, which is the surgical implantation of spleen tissue in the
abdomen, should always be performed when feasible, to preserve some spleen
function. The assessment of PRC and/or IgM memory B cell counts is useful for
evaluating residual spleen tissue function. In all the three clinical scenarios,
patients should be included in aspleen registry, should receive information for
preventing infections, as well as chemoprophylaxis and vaccinations (including
booster doses) according to guidelines. Patients should also be educated on how
to promptly recognize signs and symptoms of an infection.
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reliesonthe T cell-dependent pathway, which induces long-term pro-
tection and immunological memory'*'*’. By contrast, polysaccharide
vaccines (licensed for use in individuals >2 years of age) rely on the
T cell-independent pathway to initiate memory, which requires func-
tioning memory B cells to develop an effective response. Thus, the
sequential use of conjugate and unconjugated vaccinesis now generally
recommended in patients with hyposplenism or asplenia®"*5,

In addition, booster vaccinations are required to maintain long-
term protection, owing to waning immunity. Immune waning is asso-
ciated with loss of antibodies; thus, booster doses are necessary to
keep up a certain antibody level for protection'®®"72, Additionally,
tolerance induction or hyporesponsiveness occurs if polysaccharide
vaccines arerepeated atintervals of <5 years'**"2, Conjugate vaccines
arepreferred, particularly inindividuals withimpaired B cellimmunity,
as they have been shown to provide better immune responses'’* and
are not associated with the same long-term protection issues as are
polysaccharide vaccines. Several other differences between conjugate
and unconjugated vaccines exist”>"7’ (Box 4) and these differences
must be taken into account when vaccinating patients with asplenia
or hyposplenism.

Pneumococcal vaccines. Both unconjugated and conjugate polysac-
charide pneumococcal vaccines are widely available and used. The
conjugate vaccine has evolved from an initial seven-valent vaccine
to 20-valent vaccines. The unconjugated 23-valent pneumococcal
polysaccharide vaccine (PPV23) has been available the longest; it cov-
ers a broad spectrum of 23 pneumococcal serotypes (serotypes1, 2,
3,4,5,6B,7F,8,9N,9V,10A,11A,12F, 14,15B, 17F, 18C, 19A, 19F, 20, 22F,
23F and 33F). Disadvantages of this vaccine are that children <2 years
of age cannot mount antibody responses to polysaccharides and that
patients with hyposplenism or asplenia do not show adequate IgG
antibody induction after PPV23 vaccination. To overcome these prob-
lems, conjugate pneumococcal vaccines were developed, starting
with a 7-valent vaccine followed by a10-valent and a13-valent vaccine
(PCV13).PCV13 provides serotype coverage for 11 shared pneumococcal
serotypesandtwoadditionalserotypes(1,3,4,5,6A,6B,7F,8C,9V,14,19A,
19Fand23F) and, therefore, providesabetter andlonger-lastingimmune
response than the earlier vaccines with a narrower coverage'*°'%,
In 2021 and 2022, a 15-valent and a 20-valent conjugate pneumococ-
cal vaccine were licensed by the EMA and FDA. The 15-valent vaccine
(PCV15) additionally covers serotype 22F and 33F, and the 20-valent
vaccine (PCV20) further includes the serotypes 8, 10A, 11A, 12F and
15B. Bothvaccines are licensed for use in adults >18 years of age'**™*’,

Meningococcal and Haemophilusinfluenzae type b vaccines. Quad-
rivalent meningococcal vaccines are available in conjugated formand
cover the N. meningitidis serogroups A, C, W and Y*’. The quadriva-
lent meningococcal conjugate vaccine is widely available and it has
superseded the conjugate meningococcal C vaccine. Meningococcal B
disease is preventable using recombinant meningococcal B vaccines™’.
H. influenzae type b vaccines — either as combination vaccine for use
ininfants, or asamonovalent formalsolicensed for useinadults —are

available in conjugated formulations'.

Influenza vaccines. Patients with hyposplenism or asplenia do not
have anincreased risk of influenza infection, but yearly vaccination
against influenza is highly recommended in these patients owing to
possible complications in those with secondary bacterial infections,
particularly with S. pneumoniae'®'". Clinical observations clearly

Box 2

Recommended clinical and
behavioural norms in patients
with asplenia or hyposplenism

Screening for hyposplenism and preservation of the spleen
e Evaluate splenic function in patients at risk by counting pitted
red cells
e Preserve as much spleen tissue as possible during surgery or
implement splenosis when feasible

Patient and physician education

¢ Educate patients, family members and physicians about the risk
of overwhelming post-splenectomy infection (OPSI)

e Provide patients and physicians with written information notes

o Notify the general practitioner and facilitate multidisciplinary
meetings with other specialists

o Alert the general practitioner immediately if fever is present

o Apply precautions for travelling abroad, and against animal bites
and other possible sources of infection

Antibiotic prophylaxis
o Amoxicillin or phenoxymethylpenicillin
¢ Consider other antibiotics in patients allergic to penicillin
e Continuous prophylaxis in selected patients with immune
deficiencies

Vaccine prophylaxis

e Pneumococcal

e Meningococcal

e Anti-Haemophilus influenzae type b

e Anti-influenza®

o Anti-SARS-CoV-2*

¢ Other vaccinations recommended for the general population

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. °Vaccination
against influenza virus is recommended to reduce the risk of a superimposed
bacterial infection. Patients with hyposplenism or asplenia are considered

in the frail category and should be prioritized for receiving anti-SARS-CoV-2
vaccination.

indicate a predisposition to pneumococcal infections following influ-
enza. For example, the nasopharyngeal carriage of pneumococcal
bacteria in children is increased after influenza infections'?. A >50%
reduction in mortality has been linked to influenza vaccination in
patients with hyposplenism or asplenia'”.

SARS-CoV-2 vaccines. Although the effects of COVID-19 in individu-
alswith hyposplenismor asplenia have not been clearly defined, these
patients have beenidentified as frail patients who should be prioritized
for receiving SARS-CoV-2 vaccination®®. Studies assessing the efficacy
of the available SARS-CoV-2 vaccines in this population, in both the
short term and long term, are warranted.

Nature Reviews Disease Primers | (2022) 8:71

n



Primer

Recommendations. Current vaccination recommendations involve
boththe conjugate and unconjugated pneumococcal vaccines, quad-
rivalent conjugate meningococcal vaccine and recombinant menin-
gococcal Bvaccine, aconjugated H. influenzaetypeb vaccine, and the
annual influenza vaccine'®'®*, The timing of vaccination seems to be
important, particularly inrelation to surgical splenectomy. Vaccination
isrecommended at least 2 weeks before elective splenectomy, and at
least 2 weeks after emergency splenectomy to ensure optimal antibody
function and slower waning of antibody levels'*'*,
PCV13,whichisroutinelyrecommendedinchildrentopreventinvasive
pneumococcaldisease(IPD),isalsorecommendedasaprimaryvaccination
to prevent IPD in individuals with asplenia in guidelines globally's*'**,
Following initial vaccination with PCV13, individuals receive vaccina-
tionwith PPV232 monthslater whichisrepeated every Syearstoensure
broad serotype coverage'®>'®, PPV23 doses should be limited to a total
oftwo lifetime doses, with aninterval of at least 6 yearsto avoidimmune
tolerance, which is commonly seen with repeated polysaccharide vac-
cination™”¢, Although current data on sequential vaccination with
either PCV15or PCV20 followed by PPV23 are sparse, general guidelines
arelikely to change to schedules using the higher valent vaccines.

Box 3

Hyposplenism in HIV infection

People living with HIV infection (PLWH) should receive vaccines
recommended for the general population including vaccines for
SARS-CoV-2 and seasonal influenza virus, as well as HIV-specific
vaccines for pneumococcal and meningococcal infections, and
hepatitis A and B. Live attenuated vaccines should be avoided
in those with low CD4 counts or uncontrolled HIV infection'*°,
Similar to individuals with hyposplenism, the incidence of invasive
pneumococcal infection is increased™ and vaccination responses
are impaired in PLWH compared with HIV-negative individuals™"">.
Vaccination with combined conjugate and polysaccharide
vaccine schedules is recommended for PLWH™*"°, However,
waning immunity with an increasing risk of infection is of concern
and may warrant antibody level monitoring and revaccination'®.
Recommended schedules for pneumococcal and meningococcal
vaccination are the same for PLWH and individuals with asplenia
or hyposplenism within regional guidelines in the USA, Europe and
Australasia'"**"*""'%°, However, as there are small differences in
recommendations in regional guidelines to account for available
vaccines and endemic pathogens, clinicians should refer to their
national guidelines for immunization recommendations for PLWH.
Chemoprophylaxis for PLWH targets opportunistic infections
and is recommended based on CD4 counts and exposure risk''.
Penicillin chemoprophylaxis is not routinely recommended for all
PLWH, but only in selected individuals depending on additional risk
factors (for example, exposure to syphilis)'”. To date, no studies
have evaluated the use of penicillin chemoprophylaxis in PLWH for
prevention of pneumococcal infection. Additionally, trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis, routinely used as
pneumocystis pneumonia prophylaxis in this group, is associated
with increased antibiotic resistance to TMP-SMX, penicillin and
rifampicin in pneumococcal isolates'®.

Currently, no recommendations for routine monitoring of sero-
type-specificantibody levelsinindividuals with asplenia exist despite
strong evidence of waning immunity. Furthermore, evidence that
suggests a need for revaccination with conjugate vaccines is limited,
particularly in settings where newer vaccines with broader serotype
coverageare available”'?°, To cover avery broad spectrum of serotypes
and to induce strong vaccine responses, the international guidelines
for patients who areimmunocompromised recommend a sequential
immunization strategy in patients with hyposplenism or asplenia'®*'*,

Regarding prevention of invasive meningococcal diseases,
patients with hyposplenism or asplenia should receive both the quad-
rivalent (ACWY) meningococcal and the meningococcal B vaccine. As
immune responses to meningococcal C vaccine have been shown to
decline earlier in individuals with hyposplenism or asplenia than in
individuals with a functioning spleen'”, two doses of the ACWY vac-
cineataninterval of 4 or 8 weeks are commonly recommended'®* The
meningococcal B vaccine should be given according to the age-specific
recommendation in the product information. Despite lack of data,
immunological considerations suggest that booster vaccinations
should be administered every 5 years'®,

H. influenzae less frequently causes OPSI in patients with hypo-
splenism or asplenia than pneumococcal bacteria, but mortality owing
to H. influenzaeinfectionis high at 31%". Thus, H. influenzae type b vac-
cinationisrecommended inall patients with hyposplenismor asplenia,
but may not be required as it is routinely administered in infants and
children', Whether repeated vaccinations in adulthood are required
iscurrently unclear.

Vaccination recommendations for children vary and, if a patient
is diagnosed with asplenia or hyposplenism as a child, advice from
infectious disease and haematology specialists should be sought and
local vaccination guidelines should be consulted'®'*’,

Chemoprophylaxis

Recommendations for penicillin chemoprophylaxis began follow-
ing the observation that children with asplenia or hyposplenism had
serious infections when they did not receive oral penicillin®*°?°!, Daily
penicillinchemoprophylaxis isrecommended inindividuals with asple-
niawho areimmunocompromised or have a previous history of OPSI,
and in thefirst2-3 years following splenectomy', The benefit of daily
chemoprophylaxis in adults with asplenia outside these settings is
unclear. Daily penicillin has been shown to prevent OPSlin randomized
controlled trials including children with SCD**%, A large cohort study
in patients with asplenia may be able to evaluate the effectiveness of
antibiotics and other preventive measures.

Individuals with hyposplenism or asplenia are reccommended to
carryasupply of antibiotics and should present to their nearest hospital
for prompt treatment in the event of fever'®. Penicillin antibiotics are
usually preferred for emergency management. Inindividuals with non-
severe penicillin allergy, use of a cephalosporin, such as cefuroxime
or cefdinir, is considered safe**>. For appropriate choice of antibiotic,
appropriate local guidelines should be consulted or expert advice
sought for common local pathogens and their antibiotic sensitivity
or resistance profiles.

Hyposplenism in patients with SCD results in poor clearance of
malaria-infected erythrocytes and patients may succumb to over-
whelming infection with worsening anaemia***?%, Hence, in addition
to prophylaxis for bacterial infections, these individuals should use
insecticide-treated bed nets and malariachemoprophylaxis, according

to national guidelines, in malaria-endemic countries**®.
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Education

Itis imperative that patients are well educated and informed of the
potential lifelong risk of OPSl associated with hyposplenism or asple-
nia. Despite extensive guidelines globally that recommend strategies
for prevention''®*, effective education and adherence to vaccination
and chemoprophylaxis are necessary to ensure optimal prevention of
OPSI. Similar to other chronic conditions, adherence falters particularly
as time passes from diagnosis. Furthermore, adherence is poorer in
individuals who have undergone non-elective splenectomy®”, which
may be due to delayed commencement of prophylactic strategies, as
vaccinationinthis setting occurs at least 2 weeks after splenectomy, or
to poorinitial education®”. Patients should be educated about the need
forinitialand ongoing vaccinations, when to use emergency antibiotics
and to take daily penicillin chemoprophylaxis, if appropriate.

Travel adviceincluding additional vaccinations and additional anti-
biotics should be provided to any individual with hyposplenismor asple-
niabeforetravel, dependingonthelocalinfectionrisk (forexample, yellow
fever, malaria, cholera, hepatitis Aand other infections). Before travelling
toamalaria-endemicregion, counsellingontherisk of malariaand appro-
priate malaria preventionshould be provided. Vaccination status of the
individual should opportunistically be reviewed at this consultation
and outstanding vaccines should be provided if appropriate.

Optimizing prevention and minimizing risk of OPSI requires a
multidisciplinary approach. Connecting the patient and the patient’s
community with appropriate services optimizes effective long-term
care. Thisincludes treating physicians, pharmacists, community prac-
titioners, patients themselves and their support networks (family and
friends) and a spleen registry where available.

Spleenregistries

Dedicated outpatient programmesincluding a spleen registry can be
pivotalin optimizing long-term care of patients with asplenia or hypo-
splenism. These programmes have been shown to improve uptake of
recommended preventive strategies’*?'°, toreduce rates of IPD*' and
to improve the overall management of these patients?! 2",

Studies have shown thatindividuals who undergo emergency sple-
nectomy are less likely to be vaccinated®”, probably because patients
are discharged from hospital before reaching the 2-week mark for
vaccination. The spleen registry addresses this problem, as eligible
patients are registered at the time of diagnosis, or in anticipation
of planned splenectomy or after emergency splenectomy. The registry
provides information packs to registrants and sends reminders to
patients and their general practitioner to ensure that vaccinations are
given according to appropriate schedules. The registry also records
vaccination administration dates, which enables long-term follow up.
Patient compliance is further supported through annual newsletters
andamobile phone application that notifies when vaccinations are due.

Spleen Australia (https://spleen.org.au/) was the first large clinical
registry for individuals with asplenia®? and focuses on patient educa-
tion in addition to monitoring vaccination uptake. Other registries
for individuals with asplenia exist, including those in the UK**?"* and
New Zealand™®.

Quality of life

When assessing QOL, the risk profile associated with the underlying
condition leading to asplenia must also be considered. For example,
individuals who had undergone splenectomy owing to ahaematological
malignancy were found to have a higher risk of infections than those
who had undergone splenectomy owing to other diseases'*'*>, Thus, to

Box 4

Differences between conjugate
and unconjugated vaccines

Conjugate vaccines consist of a capsular polysaccharide
covalently linked to a carrier protein. They are preferred over
unconjugated or polysaccharide-only vaccines owing to their
stronger immunogenicity in vulnerable groups, such as individuals
with asplenia or hyposplenism.

Polysaccharide antigens are type 2 T cell-independent antigens
which cause a rapid initial humoral (B cell) response”*. However, in
the absence of a functioning spleen, the rapid humoral response
following polysaccharide antigen presentation does not occur'”, as
this response is driven by splenic marginal zone B cells”*"°, Given
their proximity and duration of exposure to blood from the red pulp,
these cells are one of the firstimmune cells that pathogens come
into contact with in the spleen. In their absence, not only is the
rapid humoral response attenuated but the first line immunological
response to blood-borne pathogens is also impaired. Furthermore,
polysaccharide antigens are poorly internalized by B cells, and
unable to engage T helper cells; thus, they do not generate
high-affinity memory B cells. Consequently, the B cells undergo
apoptosis'*. However, when conjugated with a protein, it becomes
a T cell-dependent antigen and can effectively engage B cells and
T cells to produce long-lasting memory.

Conjugate vaccines do not rely on functioning splenic marginal
zone B cells. When the polysaccharide antigen is conjugated to a
carrier protein (such as the diphtheria carrier protein, in the case
of the Haemophilus influenzae type b vaccine), both B cells and
T helper cells are engaged, forming a germinal centre with the
follicular dendritic cell. As antibodies are produced in the germinal
centre, they also undergo class switching. With the assistance
of T helper cells, B cells undergo cycles of replication producing
efficient affinity maturation and long-term survival and, subsequently,
long-term immunological memory™.

A more effective immunological response to conjugate
vaccination than to polysaccharide-only vaccination has been
demonstrated in individuals with asplenia’”. In vaccination against
pneumococcus, currently the broadest serotype pneumococcal
conjugate vaccine is the 13-valent pneumococcal conjugate
vaccine, whereas the polysaccharide vaccine is the 23-valent
pneumococcal vaccine. Broader spectrum conjugate vaccines
are under development. However, despite suboptimal responses
to vaccine, the 23-valent polysaccharide pneumococcal vaccine
currently provides the broadest serotype coverage.

comprehensively investigate QOL, individuals from different cohorts
should be identified and investigated separately.

Consequences of asplenia, including sepsis and OPSI, canlead to
lifelong disability and increased risk of death”””%, Spleen-preserving
therapies, such as splenicartery embolization or alternative repair pro-
cedures, canbe used to prevent post-splenectomy associated complica-
tions?>*?°, when feasible. In hereditary spherocytosis, splenectomy can
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provide considerable improvementsin QOL, and isindicated in those
with moderate to severe disease in whom symptomatic splenomegaly
and transfusion-dependent anaemia can occur®”. In patients with
mild and moderate disease, splenectomy is often driven by QOL consid-
erations””, and resultsin animprovement or resolution of haemolysis
and anaemia®* and canreduce or eliminate transfusion requirements.
Similarly, in patients with transfusion-dependent thalassaemia, sple-
nectomy is performed to reduce transfusion requirements?. As
splenectomy is often performed in children with transfusion-dependent
thalassaemia, the intervention enables improved lifelong QOL.

Although QOL research in individuals with asplenia and hypo-
splenism is overall limited, outcomes and complications associated
with theimmunocompromised state are well described””*%, Splenec-
tomy is associated with increased rates of infection and sepsis, most
prominently inthe first few years after surgery, but also lifelong'*'¢***,
Furthermore, individuals with asplenia and hyposplenism present to
hospital more frequently than the general population”. In addition,
individuals withaspleniaseemtobe atincreased risk of hospitalization
and death owing to COVID-19 infection®.

Indeed, optimal patient care requires good levels of health lit-
eracy’,and improved awareness and health literacy is associated with
improved clinical outcomes, including abetter QOL, and reduced mor-
tality??*??, Formal future QOL research in asplenia and hyposplenism
would be highly valuable.

Outlook

Over the past decades, the management of patients with asplenia and
hyposplenism has considerably improved, also owing to dedicated
management guidelines. However, many actions should be taken in
the near future to advance our knowledge about the pathogenesis,
prevention and overall management of asplenia and hyposplenism,
the main stakeholders being basic scientists,immunologists, clinicians
and patients.

Screening programmes for early detection of hyposplenism are
currently lacking, evenin high-risk patients, which might have different
reasons. First, the natural history of hyposplenismis unclear andthe real
incidence of the most threatening complications is largely unknown.
Second, studies assessing the potential benefits of such screening pro-
grammes are lacking. Third, PRC countis not widely available, although
itisinexpensive and non-invasive, and it may be subject tointer-observer
variability. IgMmemory B cellflow cytometric countshouldbe considered
asavalidalternativeinclinical practice, althoughmoreexpensive. Toover-
comethese obstacles, prospective, long-termstudies, focusing on con-
ditions associated with hyposplenism are warranted. The non-invasive
assessment of spleen function should be implemented worldwide,
starting with education on these techniques at medical schools.

Vaccination strategies in these patients are another key issue
that must be addressed. In fact, many recommendations are based on
immunological considerations only, rather than on validated immuno-
logical data. Althoughitisintuitive that the correct timing of vaccina-
tion and the specific type of vaccination are crucial for determining
an adequate and protective immune response, few scientific data are
availableinthis population. Prospective studies assessing theimmuno-
logical response to vaccinations and the actual rate of infections in
areal-life setting are warranted.

Wideningthe use of spleen registriesin the future mayimprove sev-
eral patient outcomes. In particular, useful leaflets should be given to
patients, with specific recommendations about antibiotic chemopro-
phylaxis or early use of antibiotics in the event of a suspected infection.

In addition, providing health education about the potential immune
andinfectious sequelae associated with aspleniabetter equips patients
to recognize and respond to sepsis at an early stage, increasing the
likelihood that they survive sepsis and OPSI***. Hence, the use of dedi-
cated outpatient services or registries should be considered amethod
toimprove uptake of preventive strategies and health education and,
inturn, reduce infectious complications associated with asplenia or
hyposplenism. International, collaborative registries across continents
may also greatly enhance research activities in this field.

Finally, the COVID-19 pandemic has fuelled research in both
immunology and vaccinology. Particularly, as SARS-CoV-2 can cause
hyposplenism during the infection', studies assessing the long-term
effects onthe spleen are needed. In addition, the efficacy of the novel
mRNA-based vaccines against SARS-CoV-2 infection in patients with
hyposplenism or asplenia needs to be determined. Whether mRNA-
based vaccines against the pathogens typically involved in OPSI will
be developed and whether this would translate into a benefit for these
patients remains a matter of future investigation.

Published online: 03 November 2022
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