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Abstract \\
Background: To evaluate if splenectomy results in severely impaired immune responses against primary cytomegalovirus (CMV) |
infection compared to the general immunocompetent population.

Methods: We performed a systemic literature review to study CMV infections in splenectomized individuals, a special population
group presently considered immunocompetent to viral infections. We retrieved 30 cases with established CMV infection post-
splenectomy and we recorded their disease manifestations, laboratory findings, immunological studies, and histopathology reports.
In addition, we retrieved numerous multidisciplinary articles in view of post-splenectomy immunology defects, as well as of immune
responses to primary invading CMV in the absence of the spleen. Two clinical studies directly comparing splenectomized with
nonsplenectomized individuals under severe iatrogenic immunosuppression as well as the numerically largest review articles of CMV
infections in immunocompetent were retained.

Results: Splenectomy results in the loss of spleen’s ability to fend-off blood-borne pathogens and impairs the link between innate
and adaptive immunity. The major post-splenectomy immune-defects against CMV are: weakened, delayed or absent anti-CMV IgM,
and compensatory marked IgG response; severely impaired B-cell and CD4*, CD8* T-cells function responses; and post-
splenectomy, bone marrow compensates for the absence of spleen’s immune responses against CMV, mimicking a monoclonal
T-cell lymphoproliferative process.

Conclusion: The puzzled diagnosis of the CMV syndrome post-splenectomy is of the most challenging and misleading, resulting in
risky and costly interventions and a subsequent prolonged hospitalization (2 months). The mounting multi-disciplinary literature
evidence renders us to suggest that splenectomized individuals are not only prone to encapsulated bacteria but also behave as
immunocompromised to CMV.

Abbreviations: BAL = bronchoalveolar lavage, BM = bone marrow, CMV = cytomegalovirus, CNS = central nervous system, GC
= germinal center, IFN = interferon, IL = interleukin, LGLs = large granular lymphocytes, MCMV = murine CMV, NK = natural Killer,

PCR = polymerase chain reaction, SMZ = splenic marginal zone, TCR = T-cell receptor, WBC = white blood cell.
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1. Introduction

Cytomegalovirus (CMYV) is a ubiquitous herpesvirus (HHV-S,
B-herpesvirus) highly prevalent worldwide (50%-100% sero-
positive adult individuals).!" Tt is usually acquired early in life and
is well-controlled by an intact host immune system. Infection is
generally asymptomatic/subclinical or may present as a self-
limiting mononucleosis-like syndrome."”! However, when the
immune system has not fully developed yet (fetus and neonates),
or when suppressed by a disease (acquired immunodeficiency
syndrome [AIDS]) or treatment (transplant recipients, chemo-
therapy in oncologic/hematologic patients), the infection may be
severe or fatal. After primary infection, CMV establishes latency/
persistence.’! Viral DNA has been detected in monocytes,
dendritic cells (DCs), megakaryocytes, and myeloid progenitor
cells in the bone marrow (BM).!

Besides primary infection and reactivation, reinfection with a
different CMV strain can cause recurrent CMV infection of
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mothers who were CMV seropositive during pregnancy with
subsequent intrauterine viral transmission to infants.[*! The latter
results in symptomatic congenital infection, which is a major
public health problem causing brain damage, sensorineural
hearing loss, and visual impairment. Such reinfection can also
occur during organ transplantation from a donor with preexist-
ing immunity against 1 strain of CMV to a recipient with
antibodies against another strain, resulting in CMV transmission.

It is well-known that splenectomized individuals are prone to
life-threatening infections by encapsulated bacteria. Severe blood
protozoan infections (malaria, babesiosis) and cases of Capno-
cytophaga canimorsus sepsis and meningitis have also been
reported.'! However, the importance of viral infections post-
splenectomy is poorly studied, or even ignored.

2. Methods

2.1. Ethical review

The meta-analysis data was from published research studies.
Therefore, ethical review is not applicable.

2.2. Literature search

We performed a systemic literature review of CMV infections
in splenectomized individuals who had no medical history
of immunosuppression. PubMed and Scopus were searched
between 1960 and April 2019. Search terms applied were
“Cytomegalovirus,” “infection,” “immunocompetent,” “sple-
nectomized,” or “splenectomy” in various combinations.
English-, non-English-language literature and citations within

the retrieved papers were carefully reviewed.

» o«

2.3. Study selection criteria

We included each established case of CMV infection following
splenectomy, with the requisite condition that the patient was
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apparently immunocompetent, as defined by the absence of
immunodeficiency syndromes, AIDS, hematological/oncological
malignancies, and immunosuppressive therapy administered for
any cause. Laboratory CMV diagnosis was established by at least
one of the following methods: serology (immunoglobulin M
[IgM] and IgG antibodies) in paired specimens obtained at least
2 to 4 weeks apart; detection of CMV-DNA in biological samples
or of CMV protein pp65 antigenemia; characteristic viral
inclusion bodies in tissue samples; and positive CMV cultures
of any specimen. A laboratory CMV diagnosis should necessarily
accompany clinical manifestations and laboratory features
consistent with CMV mononucleosis with or without end-organ
involvement to be finally eligible for inclusion. Other causes of
infectious mononucleosis should have been excluded in each
eligible case-study.

2.4. Study collection process

Data were collected independently from every eligible study and
were extracted on a piloted form, comprising: demographics,
medical history, time and etiology of splenectomy, presenting
symptoms, laboratory findings, diagnostics, disease duration,
treatment, and outcome. No assumptions or simplifications were
made. Means and median values of numeric data were calculated.

3. Results

The literature search yielded 1235 articles with potential relevance
to our study. Most of them were excluded because they referred
to CMV infections in nonsplenectomized, or to CMV-related
spontaneous splenic rupture, immune thrombocytopenia, and
hemolytic anemia. Totally, 20 studies reporting on 30 different
patients were considered eligible for inclusion.”2¢!

Patients’ mean age was 36-year-old with male predominance.
The most common etiology of splenectomy was injury (Table 1).
Typically, CMV presented with protracted daily spiking

Clinical and demographic data of the retrieved splenectomized cases (n=30).

Age, yr 36 (mean) 33 (median) 17-79 (range)
Race White 29 Black 1
Sex Male 23 Female 7 Ratio 3.3:1
Medical history Unremarkable (21)
TP (3)
Hereditary spherocytosis (2)
B-thalassemia major (2)
Familial portal hypertension (1)
0Old splenic lymphoma in remission (1)
Diabetes mellitus (1)
Etiology of splenectomy
Injury 14/30 (trauma, vehicle accident, gunshot)
Surgery for other reason 6/30 (colostomy, hiatal hernia repair)
Hereditary diseases 5/30
[TP 3/30
Other 2/30 (spontaneous splenic rupture)
Blood transfusions (units) 23.2 (mean) 12 (median)
Time interval between splenectomy and the onset of CMV symptoms
e In surgical cases, d 28.3 28.5 2-59 (range)
n=20/30
e Remote history of splenectomy 10 mo to many decades
n=10/30

CMV = cytomegalovirus, ITP=immune thrombocytopenia.
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Clinical manifestations (data available for 29 patients) and
laboratory findings in splenectomized with severe, primary CMV
infection.

Protracted high fever

89.7% (26/29)

(
Dyspnea/respiratory distress 27.6% (8/29)
Malaise/fatigue/myalgia 20.7% (6/29)
Visual abnormalities 10.3% (3/29)
Headache/sore throat/dry cough 6.9% (2/29)
Weight loss/night sweats 6.9% (2/29)
Nausea/vomiting 6.9% (2/29)
Others” 3.4% (1/29)
Laboratory findings Mean Median
WBC count/pL (<12,000) 34,702.2 35,000
Lymphocyte % (<45%) 58.16 56.5
Lymphocyte count/p.L (<4500) 22,664.14 19,700
AST UL (<34) 117 715
ALT U/L (<40) 135.5 120
ALP UL (<150) 605.9 370
v-GT U/L (<36) 273 117
LDH UL (<220) 908 887
TBIL mg/dL (<1.0) 1.34 1.0

CSF findings (2 cases): cells 11-103/u.L (90% monocyte predominance), normal glucose, and normal
to elevated protein.

ALP =alkaline phosphatase, ALT=alanine aminotransferase, AST=aspartate aminotransferase,
CMV = cytomegalovirus, ~y-GT=gamma-glutamyl transpeptidase, LDH=lactate dehydrogenase,
TBIL=total bilirubin.

*Ha\lucinations, severe epigastric-retrosternal pain, generalized morbilliform rush, conjunctivitis,
palpable lymph nodes.

(peak 39.7°C) fever pattern. On auscultation, chest rales and
bilateral diffuse crackles were found in the one-third. Clinical-
laboratory features are shown in Table 2. The radiological
features in cases with pneumonitis were bilateral interstitial
infiltrates with a micronodular interstitial pattern of both lungs
toward the lower lobes, with/without pleural effusions.

The CMV diagnosis was based upon serology alone (10/30
cases) or in combination with other methods (20/30). Before
1984, total CMV antibody titers were determined by comple-
ment fixation techniques, and thereafter by immunofluorescence
and/or enzyme-linked immunosorbent assay. Weakly positive or
negative IgM (8/16) and strong IgG (6/16) responses were
detected. CMV cultures were positive in 9 cases (urine 3, throat 3,
blood and saliva each 1 of 2, and an autopsy liver culture).
Molecular techniques were applied in 10 cases including reverse
transcription-polymerase chain reaction (rt-PCR) for the detec-
tion of CMV viremia, and immunofluorescent assays for the
detection of CMV proteins (pp65) in peripheral leukocytes (range
2-85 cells/100,000 leukocytes). Positive PCR was also reported
in ocular samples (vitreous and anterior chamber), and in a
bronchoalveolar lavage (BAL) specimen. Histopathology reports
showed: disseminated interstitial pneumonitis with generalized
cytomegalic inclusions in 4, and acute esophagitis with viral
inclusions in 1. Liver biopsies revealed: centrilobular necrosis
with some viral inclusions in 1; in 2 cases with cholestasis, portal
and periportal inflammation, and massive sinusoidal lymphocyt-
ic infiltration staining positive for CD3*CD45RO™" (CD4*) and
for leukocyte common antigen markers.

Concerning the 10 cases!® 112151620241 i1y which laboratory
CMV diagnosis was based upon serology alone, 9 of them
demonstrated a fourfold or greater increase in CMV-specific IgG
titers in paired specimens obtained at least 2 to 8 weeks apart.
Necessary and sufficient condition for inclusion in our cohort was
for the serological diagnosis to accompany clinical/laboratory
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features consistent with CMV mononucleosis, a prerequisite
fulfilled in all: protracted (mean 33 days) spiking fever, very
increased white blood cell (WBC) (mean 47,200/uL) and
lymphocytes (mean 27,523/uL) count with atypical forms, and
impaired hepatic function. In addition, other common causes of
infectious mononucleosis (mostly Epstein-Barr virus, toxoplas-
ma) were excluded. In only 1 case® out of the 10, the initial
positive serology was not followed by convalescent-phase
antibody detection. Authors, however, concluded that their
patient suffered an acute CMV infection because of his immediate
and impressive response to ganciclovir when commenced
(therapeutic criterion).

Blood flow cytometry analysis was applied in 7 cases. The most
important findings were mature B-cell lymphopenia, low T-
helper (CD3*CD4"), increased T-cytotoxic (CD3*CD8) cells,
with inversion of the CD4*/CD8" ratio. T-cells expressing CD3",
CD8*, and CD57" markers (large granular lymphocytes [LGLs])
were increased in the blood and BM. Abnormalities of the natural
killer (NK) cells were also reported such as increased number
with the expression of CD56" and CD16". BAL cytometry results
(2 cases) were in accordance with blood cytometry: decreased T-
helper, elevated T-suppressor/cytotoxic cells with inversion of the
CD4*/CD8" ratio. BM examination demonstrated hypercellular
marrow in 2 cases; in another, increased LGLs with T-cell
receptor (TCRy) gene rearrangements were detected; in the
fourth case, increased cytotoxic T-cells/LGLs accounted for 68 %
of the lymphocytes, while 50% of the CD3*/CD8" cells showed
expression of TCR V-B. TCR B gene rearrangements were also
demonstrated by PCR.

In terms of the CMV disease treatment data were available for
28 cases. In 12, treatment was supportive. In 10, a remarkably
large number of advanced, broad-spectrum antibiotics (third-
generation cephalosporins, piperacillin-tazobactam, quinolones,
carbapenems, vancomycin, daptomycin, and teicoplanin) were
administered revealing how puzzled the diagnosis of post-
splenectomy CMYV disease is, especially in the settings of the
protracted fever and of the marked leukocytosis/lymphocytosis.
Ganciclovir iv (5 mg/kg body weight) was commenced in 8 cases
for a duration of 1 to 3 weeks; oral ganciclovir was given in 2 for
treatment completion (2 weeks and 6 months for recurrent
retinitis); ganciclovir ocular implants and intravitreal injections
were also administered. Valganciclovir per os (3 weeks) was
administered in 3 cases; foscarnet (2 weeks), oseltamivir, and
prednisone in 1 case each. Hospitalization was very prolonged
(mean 56.3 days), another remarkable finding reflecting the
severity and the difficulty in the timely diagnosis of the CMV
syndrome post-splenectomy. As for outcome results, 4 out of the
29 patients succumbed (mortality rate 13.8%). Three died from
bilateral interstitial pneumonitis, and another from “generalized
cytomegalic inclusion disease.” Among those who were admin-
istered ganciclovir, only 1 succumbed, but he was commenced on
ganciclovir too late in the disease course.’”! In addition,
ganciclovir was approved for medical use only after 1989, when
already 19/30 cases had occurred; therefore, no safe conclusions
about its efficacy can be drawn. We could speculate that the
mortality rate in our cohort could have underestimated the real
magnitude of the CMV disease mortality post-splenectomy,
considering that almost all of our study-cases were young and
they had no other comorbidities affecting immune responses
(diabetes, renal failure, heart failure, etc).

An interesting issue arising from this analysis is whether our
cohort patients suffered primary CMV infection or reactivation
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and if a splenectomy is associated with reactivation in CMV-
positive patients. CMV  reactivation occurs commonly in
critically ill patients and is linked to increased length of
hospital/intensive care unit stay, duration of mechanical ventila-
tion, severe sepsis, and mortality. Our entire study-cases were
considered by their authors as primary infections and in most of
them, CMV was acquired from blood transfusions. In 1 casel*!],
however, when the fever started just 2 days post-surgery, authors
quested about the CMV acquisition. Resolving this issue they
noted that CMV antigenemia is usually positive within 2 weeks of
primary infection (not reactivation),®*”) as in their case.
Reactivated CMV  viremia in AIDS, BM transplants or
hematology cancers is caused by profound lymphopenia and/
or dysfunction of lymphocytes, and it is lymphocytes that keep
CMYV in check in normal individuals.?”! On the contrary, their
patient had prominent lymphocytosis as a vigorous response to
the sudden CMV insult. The lack of IgM, on the other hand,
should not be taken as evidence of reactivation in the setting of
splenectomy because the capability of IgM response by the IgM
memory B-cells is gone with the spleen.”®! The short post-
splenectomy incubation could be explained by the coincidence
that the patient had already been in the incubation period (before
the release of anti-CMV IgM from the spleen) and the inflamed
spleen was prone to trauma injury resulting in splenectomy that
further brought the infection to nearly fulminant scale.

4. Discussion

4.1. Overview of impaired immunology post-splenectomy

In post-splenectomy patient populations, a variety of abnormali-
ties in host defense have been described contributing to an undue
susceptibility to infectious agents and their complications.!**! The
spleen is the greatest single secondary lymph organ. It fends off
blood-borne pathogens (encapsulated bacteria and CMV) and it
is crucial in regulating immune homeostasis through its ability to
link innate (filtration and phagocytocis) and adaptive (antibody
production) immunity. The clearance of antibody- and comple-
ment-coated microorganisms by phagocytic cells of the spleen is
very rapid and prevents the dissemination of infectious organisms
to significant organs (CNS, kidneys, and lungs). Other innate
defects post-splenectomy include decreased levels of opsonins
(properdin, tuftsin) and a resulting defective alternative pathway
complement activation.!®!

Early reports described post-splenectomy impairment in
antibody production to intravenously injected antigens,’>"!
decreased levels of serum IgM!®!! and impaired B-cell function
in vitro.1*>?3 Splenectomized mount a poor antibody response to
vaccines and studies suggest that it is the IgM response that is
impaired not IgG.** The common denominator in splenectom-
ized with increased susceptibility to Streptococcus pneumoniae
infections is the lack of IgM memory B-cells which are circulating
splenic marginal zone (SMZ) B-cells,** and are identified by the
expression of CD27%, IgM, and IgD that account for the one-
third of peripheral B-cells.?%*®1 Memory B-cells are the most
sophisticated actor in adaptive immune response: in the germinal
centers (GCs) of secondary lymph organs, mature B-cells
proliferate, differentiate, mutate their antibody genes, and switch
their antibody class (for example from IgM to IgG), during the
normal immune response to infection. The final products of the
GCs reaction are high-affinity memory B-cells. Several lines of
evidence, however, indicate that the IgM memory B-cells can be
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generated in the absence of GCs.®”! Human IgM memory B-cells
cannot be detected in splenectomized patients thus making spleen
indispensable for their generation and survival and for protection
against infections.*® A fundamental function of this B-cell
population is to generate fast protective responses, as natural
antibodies, to T-independent antigens carried by infectious
agents such as bacterial polysaccharidic and viral repetitive
surface determinants.!**-7)

The effect of splenectomy on cell-mediated immunity is not
well-studied. In otherwise healthy adults studied years after
traumatic splenectomy, a significant and long-term reduction of
the levels of CD4" T-cells co-expressing the high molecular
weight isoform of CD45*, CD45RA™, which characterizes the T-
cell subset critically involved in responsiveness to a novel antigen
(naive), has been determined. CD45RA* show a higher
proliferative capacity in response to mitogenic stimulation and
respond to an in vitro primary T-cell stimulation'*®); in contrast,
CD45RO" CD4" T-cells produce a wider variety and increased
amounts of T-cell cytokines (interferon [IFN]-g, interleukin [IL]-
4, IL-5), they are the predominant T-cell subset responding to
recall antigens®”! and remain unchanged post-splenectomy.!*’!
Splenectomized present impaired primary antibody responses to
the inactivated hepatitis A virus vaccine, a clinically relevant T-
cell dependent antigen.!**! A statistically significant correlation
between decreased relative levels of CD4* CD45RA* T-cells with
reduced anti-HAV antibody responses was found when splenec-
tomized and control individuals were analyzed together. The
later could reflect a disturbance in the relation between memory
and naive CD4* T-cell subsets as present in the secondary
lymphoid tissues, the principal site of induction of an immune
response.>!

Although BM is known as a primary lymphoid organ, it can
potentially serve as a secondary one.[*”) BM is capable of antigen
presentation and initiation of primary T-cell responses, and
contains follicle-like structures similar to lymph nodes or spleen.
It harbors DCs that capture, process and present blood-borne
antigen to naive CD4" and CD8" T-cells resulting in primary
immune responses. Systemic antigen application into splenec-
tomized mutant mice lacking secondary lymph organs leads to
the generation of primary T-cell responses in the BM, as revealed
by the formation of multicellular clusters with DCs and clonal
expansion with subsequent cytotoxic T-lymphocyte activity.!*!
The frequency of lymphoid follicles/aggregates in the BM can
increase during infection, inflammation, and autoimmunity.
Benign lymphoid nodules in trephine BM biopsies have been
associated with several viral infections (human immunodeficien-
cy virus-myelopathy, hepatitis B virus and hepatitis C virus), !
mycobacteriosis, fungal, and bacterial infections.**! GCs,
however, are rarely seen in lymphoid aggregates of BM aspirates
and when present they are mostly associated with malignancy.
There is no evidence of impaired GCs responses in splenectom-
ized individuals. GCs in the BM have never been reported in
CMYV infection, nor in post-splenectomy CMV cases.

4.2. Post-splenectomy major defective immune responses
against CMV

During CMV infection splenomegaly is a common clinical sign.
Several cases of CMV-related spontaneous splenic rupture have
been reported with the identification of viral inclusions in it.[?!
On the other hand, the spleen’s role in early innate control of
murine CMV replication/spread is well-established initially
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through the production of IFaf by the SMZ cells with a
subsequent promotion of NK-cytotoxicity; splenic plasmacytoid
DCs eventually are the major producers of IFNa, TNF, and IL-
12 against murine CMV infection.*>** In short, the above data
complement each other in intimating that spleen is a replication
site of and thus, early immunity against CMV.[?%!

4.2.1. Importance of IgM antibodies in primary encounter
with viruses. Weakened, delayed, or even absent anti-CMV
IgM response post-splenectomy and compensatory marked
I9gG response. IgM antibodies inhibit infection by directly
enhancing phagocytosis in lymphoid tissue by activating
complement and by priming the adaptive immune responses.
Primary immunodeficiency patients with very low serum IgM
levels <0.2 g/L show increased susceptibility to several respirato-
ry viruses.[*>] The low initial serum anti-Japanese encephalitis
virus IgM at admission in pediatric patients is an independent risk
factor for death or severe neurologic deficits.[*®! Low levels of
serum anti-West Nile virus IgM antibodies are an independent
risk factor for mortality because the early neutralizing IgM
response limits viremia and dissemination into the CNS.1*”! The
natural IgM antibodies, secreted by the IgM IgD CD27* subset of
B-cells that is lost post-splenectomy, after infection with vesicular
stomatitis virus, vaccinia virus, or lymphocytic choriomeningitis
virus restrict virus distribution and early dissemination and also
direct virus to secondary lymphatic organs to accelerate immune
responses.*®! In mice, humoral responses to influenza virus
infection are provided by both B-1 and B-2 cells. Natural IgM,
secreted mainly by CDS*B(B-1) cells which are the murine
counterpart of human IgM memory B-cells,'*®! constitute most of
the circulating IgM and tend to be poly-reactive to both foreign
and self-components.'*”! The spleen is indispensable for the
generation and survival of B(B-1) cells.>"!

Many authors have underlined the problematic IgM
response observed in primary CMV infection post-splenecto-
my.16:20:21:23.251 A remarkable finding in half of our splenec-
tomized cohort also was the low or totally absent anti-CMV IgM
antibody titers, anytime tested during the disease course.
Considering the numerous literature data mentioned above we
could suggest 1 cardinal reason why splenectomized individuals
are prone to primary CMV infection: the insufficient production
of IgM antibodies in the absence of IgM IgD CD27* subset of
memory B-cells. In contrast, a marked IgG response was present
in all the cases with inadequate IgM response. This strong IgG
component could be attributed to the host’s attempt to
compensate for the prolonged disease without adequate IgM
while BM seems to play a crucial role in this response (Section
4.2.3.). The detection of IgM in some cases than no IgM response
at all may be attributed to the presence of accessory or residual
spleen.*3!

4.2.2. Impaired B- and CD4*/CD8* T-cells responses in
primary CMV disease. Another cardinal observation in our
cohort that advocates the immunity defects of splenectomized
against CMV is the mature B-cell lymphopenia,”*%** the
lowered T-helper (CD3*CD4%),171"231 and the increased T-
cytotoxic (CD3*CD8*)1719721:23-251 (e|ls with inversion of the
CD4*/CD8* ratio."2123-251 The post-traumatic splenectomy
results in a significant and long-term reduction of the levels of
CD45RA*CD4* T-cells which characterize the subset that has
been released from the thymus into the periphery but has not yet
encountered an antigen (naive).””) Marker analysis with
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monoclonal antibodies of the peripheral blood of splenectomized
individuals revealed normal proportions except for CD4* and B1
(peripheral B-cells) positive cells.!*!! The proliferative responses
of lymphocytes to phytohemagglutinin were weakened, delayed,
or diminished.

4.2.3. BM compensates for the absence of spleen’s immune
responses against CMV. In our cohort, the mean WBC count
was markedly elevated and the absolute lymphocyte count was 3-
fold increased (22,664/p.L) compared to the counts reported for
primary CMV infection in the general immunocompetent
population (<7000-7500/uL).["**2! Atypical lymphocytes were
seen in 62% of our cases. The lack of splenic storage and
sequestration could partially explain the marked lymphocytosis.
However, post-splenectomy, CMV replication occurs in the BM,
in view of its marked lymphoproliferation without significant
lymphadenopathy elsewhere.!**! Cells of the myeloid lineage are
one site of CMV carriage in vivo while in myeloid CD34* DCs
progenitors the viral genome is carried latently in the absence of
viral lytic gene expression.®3! BM can potentially serve as a
secondary lymphoid organ. Naive, antigen-specific T-cells home
to BM, where they can be primed."*°! In our study, blood flow
cytometric analysis when performed, showed increased T-cells
expressing LGL markers, in some cases with an unusual T-cell
phenotype because of the loss of CD5* and CD7* markers. It
seems that without adequate IgM, CMV causes prolonged illness
and the host attempts to compensate by an overwhelming
cytotoxic T-cell response and eventually a strong IgG component.
BM cytometry showed hypercellular marrow with trilineage
hematopoiesis, increased cytotoxic T-cells/LGLs (>50% of
lymphocytes), while TCRy, TCRVB 5.1, and TCRB gene
rearrangements were demonstrated by PCR indicating a possible
monoclonal or oligoclonal T-cell lymphoproliferative process.
Table 3 summarizes the major immunology defects against CMV
post-splenectomy.

4.3. CMV disease in splenectomized versus
nonsplenectomized

We acknowledge that we do not provide indisputable proofs that
splenectomized behave as immunocompromised against CMV
infection. Uncontested evidence would only be drawn from
prospective controlled-trials directly comparing them to the
immunocompetent general population. There are only two
published clinical studies involving this direct comparison: in 700
orthotopic liver transplant recipients under immunosuppressive
induction regimen, simultaneous splenectomy increases signifi-
cantly (P<.05) the risk for the occurrence of opportunistic
pneumonia®* with CMV being the most common pathogen
(40%). Authors concluded that even in iatrogenic, severe
immunosuppression, splenectomy retains an exceptional and
additional immunosuppressive effect. Furthermore, among ABO-
incompatible pediatric kidney transplant recipients, 21 were
pretreated with rituximab and 14 with splenectomy.”*! In the
rituximab group, 6/21 had CMV viremia but no CMV disease;
5/14 of the splenectomy group, however, developed CMV disease
with viremia. Authors also concluded that CMV disease was
much higher post-splenectomy.

4.4. Limitations and conclusions

Our study has many limitations. It is a retrospective analysis
based on a very small number of cases, thus no statistical analysis
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Synopsis of the major multi-factorial defects of host immunity against CMV post-splenectomy that render splenectomized individuals

immunocompromised to CMV infection.

1) Impaired IgM response to CMVI®20212325] hacayse of the loss of IgM IgD CD27* subset of memory B-cells (the human counterpart of murine CD5*B(B1) cells?).
They are circulating splenic marginal zone B-cells and the spleen is indispensable for their generation and survival.?8:35-%71

2. Mature B-cell lymphopenia and intrinsic B-cell defect.!” 202451

3, Decreased T-helper activity (CD3*CD4™)""19-2551 especially of the CD45RA* isoform released from the thymus into periphery involved in responsiveness to a novel
antigen (naive CD4* T-cell),?>*8% resulting in a disturbance of the relation between memory and naive CD4* T-cell subsets as present in the secondary lymphoid
tissues.”%!

4. Very increased T-cytotoxic response (CD3*CD8*)!"719-21:23-2%1 comprising LGLs, unusual T-cell phenotypes, and even T-cell receptor gene rearrangements mimicking

a lymphoproliferative process, due to the impaired IgM response and the prolonged disease, while CMV replication occurs in the bone marrow which serves as a
potential secondary lymphoid organ.%4%%% Eventually, the host produces a strong IgG component.

5. Decreased CD4* and the overwhelming CD8" responses result in an impaired CD4*/CD8" ratio.l'%-2123-29]
6. NK cells abnormalities are controversial such as a discrete decrease in NK cell number,!"”! or increased NK cells with the expression of CD56* and CD16*.%2°!
7. Spleen fends off blood-borne pathogens including CMV, links innate with adaptive immunity, and is the major site of CMV replication/spread.?%*44! In experimental

models spleen plays a major role in early innate immunity against murine CMV infection through Ifa3 production, promotion of NK-cytotoxicity with the subsequent
production of TNF and IL-12, innate responses impaired/diminished post-splenectomy.?%#344 Other innate immunity defects post-splenectomy are decreased levels

of opsonins and defective complement activation.®

CMV = cytomegalovirus, IgD =immunoglobulin D, IgG =immunoglobulin G, IL-12 =interleukin-12, IgM =immunoglobulin M, NK=natural killer, TNF =tumor necrosis factor.

could be applied. The risk of publication bias cannot be excluded.
Nevertheless, the numerous, multi-disciplinary evidence collected
in this study, converge to the conclusion that splenectomized
behave rather as immunosuppressed against primary CMV
infection.

The role of viral infections post-splenectomy has been
dramatically underestimated. Characteristically in a very large
study of infection in splenectomized, viral infections were even
excluded from the inclusion criteria.*®! Despite Stone et al
reported in 1967 10 instances of hepatitis developing within a 6-
month period following splenectomy with an impressive case-
mortality rate of 80%,°”! it seems that the scientific community
still considers viral infections post-splenectomy of low or even no
importance.

Manifestations of this puzzling syndrome comprise a seriously
ill patient with protracted fever, severe lymphocytosis with
atypical lymphocytes, mild hepatitis and dyspnea/hypoxia, or
mental status disturbances. If timely recognized, unneeded risky
interventions (such as biopsies), and time-consuming expensive
investigations can be avoided. But most importantly, when
postsplenectomy CMV syndrome involves end-organs (lungs,
brains, retina, and esophagus), prompt recognition is substantial
for the early introduction to antiviral treatment that may be life-
saving.
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