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Abstract: Post-transplant neutropenia (PTN) is frequently reported in the first-year after transplanta-
tion. Although prevalence and clinical consequences are widely described, there are no guidelines
to manage diagnosis and treatment. We report here a case of persistent PTN occurred in a patient
undergoing a kidney transplant from an AB0-incompatible living donor. The desensitization protocol
consisted of Rituximab administration and immunoadsorption while the pre-transplant protocol,
which was initiated 14 days before the transplant, included Tacrolimus, Mofetil Mycophenolate
(MMF), antimicrobial and antiviral prophylaxis. Induction therapy consisted of anti-thymocyte
globulins and steroids, while maintenance after transplantation consisted of steroid, tacrolimus and
MMF. When the first occurrence of leukopenia was observed six weeks after the transplant, firstly
antimicrobial/antiviral prophylaxis was stopped and later also MMF treatment was interrupted
but severe neutropenia relapsed after MMF resuming treatment. Immunological and virological
causes were excluded. The patient was treated with Filgrastim. Bone marrow biopsy, which was
performed to exclude a hematological cause of severe persistent neutropenia, revealed a bone marrow
hypoplasia with neutrophils maturation interrupted at the early stages. This case highlights the
need to establish diagnostic and therapeutic guidelines for PTN which take in consideration all
the therapeutic steps including the pre-transplant phase in particular in the context of AB0i where
immunosuppression is more consistent.
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1. Introduction

Neutropenia, defined as an absolute neutrophil count (ANC) lower than 1500 cells/µL
(<1.5 × 109/L), is a common side effect of solid organ transplantation in adults [1–5] and
in the pediatric population [6].

Post-transplant neutropenia (PTN) occurs mainly during the first year after trans-
plantation, with an incidence ranging from 10% to 44% as estimated by retrospective
studies [1–5,7].

PTN potentially increases the risk of infections in vulnerable patients but also exposes
them to higher risks of rejection due to the extended suspension of mycophenolate mofetil
(MMF) treatment [1].

PTN is predominantly caused by drug toxicity induced by immunosuppressive
treatment (i.e., lymphocyte depleting agents, antimetabolic agents, tacrolimus), or anti-
infectious agents, such as valganciclovir (VGCV) and trimethoprim-sulfamethoxazole
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(TMP/SMX) [8,9], while viral infections such as cytomegalovirus (CMV), Epstein–Barr
virus (EBV), herpes simplex virus 1,2 or parvovirus B 19 are the main causes of infectious
neutropenia [10,11].

Currently, there are no guidelines for managing PTN in solid organ transplant recipi-
ents.

Here, we report a case of neutropenia in a renal transplant recipient from a living AB0
incompatible (AB0i) donor. A multidisciplinary approach allowed us to identify PTN’s
underlying cause and guided therapeutic management.

2. Case Report

A blood group zero male patient (56 years old) with end stage renal disease due
to IgA nephropathy underwent a kidney transplant from an AB0-incompatible (AB0i)
living donor. For the desensitization protocol the patient received one dose of Rituximab
(RTX-Mundipharma Pharmaceuticals S.R.L. Milano, Italy) (375 mg/sqm) 2 weeks before
the scheduled date of transplantation. However, the planned transplant was postponed for
3 months due to the onset of COVID-19 pandemic in Italy. Since blood peripheral CD19+
cells were undetectable prior to transplant, a second RTX infusion was not performed.

To remove anti-A antibodies, whose titer before transplant was 1:8, the patient un-
derwent 3 sessions of immunoadsorption with Globaffin column (Fresenius Medical Care-
Sankt Wendel, DE) until the anti-A antibody titer was below 1:2. The pre-transplant
immunosuppressive protocol, which included Tacrolimus (4 mg every twelve hours) and
Mofetil Mycophenolate (MMF 1 g every twelve hours), started 14 days prior to the trans-
plant. Concomitantly, antiviral prophylaxis with Acyclovir (400 mg every twelve hours
adjusted to creatinine clearance value) was started.

Induction therapy consisted of Antithymocyte Globulins (ATG-Fresenius Biotech
GmbH, Munich, Germany) (total dose 5 mg/kg) and steroids, while immunosuppression
after transplantation consisted of steroid, tacrolimus (through levels 12–14 ng/mL) and
MMF (1 g every twelve hours).

The recipient was not pre-immunized and shared 3 matches with his donor (1 being
HLA-A and 2 being in HLA DQB); furthermore, there was a mismatch D/R for CMV and
Toxoplasma Gondii, wherein the recipient was negative for both.

Antiviral prophylaxis with acyclovir (400 mg every twelve hours) and valganciclovir
(450 mg every twelve hours adjusted to creatinine clearance value) was scheduled for the
first six months after transplantation.

The onset of post-transplant diabetes mellitus requiring insulin treatment occurred
during the first month after transplantation.

The first occurrence of leukopenia was observed six weeks after the transplant and
TMP/SPX was interrupted immediately and soon after antiviral prophylaxis and MMF
were interrupted.

Frequent follow up visits were planned to monitor the clinical, bio-humoral, immuno-
logical and infective course of the observed condition.

Ten weeks after transplantation, complete blood count was normalized and MMF (750
mg BID) and TMP/SMX were resumed. However, after 15 days, severe neutropenia [10]
(absolute neutrophils count < 500 cells/mm3) occurred and these drugs were discontinued.

Due to persistence of severe neutropenia, the patient had to be treated with subcuta-
neous (sc) Filgrastim (2 sc doses of 30 MU, the second 3 days apart), resulting in a rise in
the neutrophil count.

Immunological and virological monitoring, performed every two weeks, did not show
the appearance of anti-A antibodies, nor viraemia for CMV, EBV, parvovirus B19, polyoma
BK, HIV, herpes viridae 6 and 8 ever appeared.

Avidity test for Toxoplasma and detection of anti-donor specific antibodies were
carried out based on center protocol schedule, always providing negative results.

Anemia, thrombocytopenia, infections and fever never occurred during this time
frame and kidney function was normal. As neutrophils raised, MMF was resumed albeit
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at a reduced dose (500 mg every twelve hours) and Pneumocystis Jiroveci Pneumonia
(PCP)/toxoplasma (TOXO) (PCP-TOXO) prophylaxis was performed with Atovaquone,
due to its reduced effect on neutrophil count.

However, a few days later, neutropenia occurred again. Hence, immunosuppressive
therapy was limited to tacrolimus and Methylprednisolone (MP) with supplementation
of folic acid and group’s B vitamins. However, neutrophil counts did not improve and
reached a minimum of 130 neutrophils/µL 5 months after transplant.

This relapse required a second administration of Filgrastim (2 sc doses of 30 MU
3 days apart). Despite an initially positive response to granulokine therapy, leukocytes
and neutrophils count decreased again. Neither CMV nor EBV viremia were detected. A
complete hematological work–up was conducted, that allowed to exclude any cause of
secondary neutropenia: B12, folate, iron, copper deficiency, viral tests, autoimmune screen-
ing, thyroid function tests, anti-granulocytes antibodies. Flow cytometry on peripheral
blood sample excluded a clonal large granular lymphocyte (LGL) population. Therefore,
the patient underwent a bone marrow biopsy in order to exclude a hematological cause of
neutropenia.

The BM trephine biopsy (BMB) showed a hypocellular bone marrow (cellularity 30%),
without significant dysplasia and no increased amount of blasts. Karyotype was normal
(46, XY) and the morphological evaluation of bone marrow aspirate did not show relevant
dyserithropoiesis, dysmegakariopoiesis or dysgranulopoiesis. Neutrophils maturations
series was severely underrepresented and myeloid cellularity appeared in the early stages
of maturation.

Genomic analysis with next-generation sequencing (NGS) (Illumina Myeloid Panel)
did not show any oncogenic somatic mutation.

Since no viremia for CMV, EBV, HIV, Parvovirus B19, Herpes virus 6 and 8 was
detected in peripheral blood, no further analysis was performed on the bone marrow.

The timeline of events is summarized in Figure 1 and the diagnostic algorithm is
described in Figure 2.
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Figure 1. Clinical and biochemical timeline of case report, WBC: white blood cells, PLT: platelets, 
ANC: absolute neutrophil count, Crs: serum creatinine, MP: methylprednisolone, MMF: 
mycophenolate mofetil, TMP/SMX: trimethoprim/sulfamethoxazole, FK506: tacrolimus, RTX: 
rituximab, BMB: bone marrow biopsy, TX: transplantation, IA: immunoadsorption. 

Figure 1. Clinical and biochemical timeline of case report, WBC: white blood cells, PLT: platelets,
ANC: absolute neutrophil count, Crs: serum creatinine, MP: methylprednisolone, MMF: mycopheno-
late mofetil, TMP/SMX: trimethoprim/sulfamethoxazole, FK506: tacrolimus, RTX: rituximab, BMB:
bone marrow biopsy, TX: transplantation, IA: immunoadsorption.
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Figure 2. The diagnostic algorithm conceived and applied to the clinical case described. 
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Figure 2. The diagnostic algorithm conceived and applied to the clinical case described.

3. Discussion

Neutropenia is a frequent occurrence in the first year following kidney transplantation
with an incidence range of 15–48% [1]. However, since, at present, there are no guidelines
for diagnosis and treatment of PTN, an empirical approach to treat this condition has
been suggested.

The present case report aims to describe the diagnostic steps and the therapeutic
approach followed in a patient with moderate–severe neutropenia occurring in the first
6 months post-transplant.

It is acknowledged that neutropenia is predominantly of iatrogenic origin in kidney
allograft recipients, since the medications used in the induction and maintenance of im-
munosuppressive therapy or Angiotensig-converting-enzyme inhibitors and proton pump
inhibitors determine myelosuppression [10,12,13]. In order to exclude an iatrogenic cause
in the case herein reported, antiviral drugs and PCP-TOXO chemoprophylaxis were sus-
pended in the first instance, resulting in an immediate rise in neutrophil count. However,
the neutropenia persisted and required the suspension of MMF. Meanwhile, viral infections
causing leukopenia (CMV-EBV-HerpesViridae, Parvovirus B19) were excluded.

Administration of myelosensitive growth factors determined a transient remission
of neutropenia, but the persistent leukopenia prompted us to investigate whether this
condition was caused by any rare anti-neutrophil antibodies-mediated autoimmune disease,
or was an infrequent form of tacrolimus neutropenia [14–17].
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We considered both causes unlikely, since autoimmune disease occurrence during
immunosuppressive therapy and tacrolimus neutropenia are remote events.

No anti-neutrophil antibodies were detected. In parallel, BMB and needle aspiration
were performed to exclude a bone marrow-dependent cause of neutropenia and to assess
the patient’s hematopoietic response to post-transplant immunosuppressive therapy, which
is known to be contingent on the individual bone marrow reserve. At present, no non-
invasive tests are available to explore the bone marrow reserve, apart from needle aspiration
and BMB and it is remarkable that no investigation on bone marrow reserve is performed
in patients waiting for kidney transplant.

However, bone marrow hypoplasia and myelodysplastic syndrome occur more fre-
quently in patients affected by chronic renal failure as compared to the general population
and this condition also increases with age and with dialysis duration [18,19].

Therefore, it is reasonable that a reduced bone marrow reserve could be common
in patients in the kidney transplant waiting list and that these subjects could develop
moderate-severe leukoneutropenia when treated with a standard immunosuppressive
therapy combined with drugs with myelosuppressive effects such as antivirals and antimi-
crobials.

We consider that the above scenario best describes the findings observed in our case,
wherein leukocyte count lay within normal limits before the transplant and was found to
be severely compromised following drugs administered immediately after the transplant.

Hence, we conclude that drug treatment can compromise a borderline bone marrow
reserve, leading to severe leukoneutropenia, with the ultimate effect of increasing the risk
of infections, considering that neutropenia and lymphocytopenia often coexist [20].

BMB and needle aspiration in the case herein described excluded neoplastic forms
but showed an inadequate bone marrow reserve, since the neutrophils maturation series
was severely underrepresented and myeloid cellularity appeared in the early stages of
maturation.

BMB is not required in transient and mild post-transplant neutropenia, but it can
become an essential diagnostic tool for detecting persistent or severe forms of neutropenia.

There are currently no guidelines for diagnosing and managing post-transplant neu-
tropenia even if therapeutic management of graft recipients with neutropenia is challenging,
since the therapeutic regimen needs to balance the infectious risk and rejection risk [20,21].

In this case Filgastrim was employed, because neutropenia was severe, associated
with lymphocytopenia and it did not regress upon discontinuation of the antimetabolites.
This therapeutic scheme allowed us to manage it in outpatient and to prevent infectious
complications [22]. Remarkably, despite donor/recipient mismatch with regard to CMV
and Toxoplasma, the patient presented no symptoms of disease.

Although there are no clear guidelines, we believe that educating the patient on health
and hygiene practices to be held at home is pivotal in the therapeutic approach. Such an
approach should avoid causing excessive concern and alarm in the patient.

Furthermore, training the patient to recognize and report the first signs of infection is
of the utmost importance. Likewise, the relevance of oral and hand hygiene needs to be
stressed, while sterilizing the environment is dispensable.

It is acknowledged that prophylactic use of antibiotics did not prove useful in this
context, while administration of myeloid growth factors (G-CSF; GM-CSF) was effective in
preventing infectious complications in numerous cases [23–25].

The diagnostic workup performed in this patient did not include MMF, copper and
zinc serum level measurement and ACE serum level being sarcoidosis a rare cause of
neutropenia.

Since its introduction into clinical practice, mycophenolate (MPA) has been considered
as a drug not requiring individual therapeutic monitoring. Therefore, the role of therapeutic
drug monitoring (TDM) for MPA is still controversial.
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It is acknowledged that the average free fraction of MPA is increased in kidney
transplant recipients with lower eGFR and it is also reported that a high MPA free fraction
is associated with leukopenia [26].

However, due to the complexity associated to MPA pharmacokinetics, the challenges
in fully establishing an MPA concentration–toxicity relationship and the conflicting evi-
dence supporting TDM-guided dosing over standardized dosing, TDM is not currently
considered as a routine practice [27].

4. Conclusions

This case emphasizes the need to detect via pre-transplantation screening patients at
risk of PTN in order to customize how immunosuppression can be properly induced.

Our proposal is to thoroughly evaluate during the pre-transplant screening the blood
count and investigate whether the patient experienced previous episodes of leukopenia or
pancytopenia occurred.

We also recommend to identify potential vitamins or minerals deficiencies; if the
leuco/cytopenia persists after vitamin supplementation then we propose to perform a
bone marrow biopsy to investigate further.

An interesting future development in neutropenia assessment is the screening of
patients for somatic mutations which may be associated to late neutropenia onset. Such
research is under exploration.

We also highlight the need to establish diagnostic and therapeutic guidelines for
PTN in post transplantation, as well as to provide guidance in the context of iatrogenic
neutropenia after chemotherapy.

This becomes even more relevant in incompatible AB0 transplants, where immuno-
suppression is more consistent and where neutropenia can affect 50% of cases and can have
a prolonged duration. Looking back at our diagnostic path we believe that BMB should
be considered among the first investigations to be carried out and before administering
growth factors whose contraindication would be the presence of myeloid leukemia.
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