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We describe a case of a 34-year-old male recipient of an ABO-incompatible living
donor kidney transplant (LDKT) who experienced repeated hospitalizations for
anaemia. Acute kidney injury on a severe and recurrent anaemia related to Parvovirus
B19 (B19V) infection was diagnosed through viral and histopathological analysis. In
view of the impaired patient’s own immune response due to the immunosuppressive
regimen, clinical stabilization was achieved by repeated 1VIg administration as a
maintenance therapy in a prolonged course, although in the absence of viral clearance.
The review of literature highlighted a variety of pathological renal lesions associated
with B19V infection, although epidemiological data on B19V infection in kidney
transplant, standardized diagnostic and therapeutic protocols, and the prospective for
specific antiviral therapy are still scanty. Extended awareness of clinical relevance of
B19V infection in kidney transplant recipients should direct future efforts toward a
better consideration and comprehension of viral-induced pathogenesis, aimed at
effective diagnostic and therapeutic appropriateness.
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Abstract

We describe a case of a 34-year-old male recipient of an ABO-incompatible living donor kidney transplant
(LDKT) who experienced repeated hospitalizations for anaemia. Acute kidney injury on a severe and recurrent
anaemia related to Parvovirus B19 (B19V) infection was diagnosed through viral and histopathological
analysis. In view of the impaired patient’s own immune response due to the immunosuppressive regimen,
clinical stabilization was achieved by repeated 1VIg administration as a maintenance therapy in a prolonged
course, although in the absence of viral clearance. The review of literature highlighted a variety of pathological
renal lesions associated with B19V infection, although epidemiological data on B19V infection in kidney
transplant, standardized diagnostic and therapeutic protocols, and the prospective for specific antiviral therapy
are still scanty. Extended awareness of clinical relevance of B19V infection in kidney transplant recipients
should direct future efforts toward a better consideration and comprehension of viral-induced pathogenesis,

aimed at effective diagnostic and therapeutic appropriateness.

Keywords: parvovirus B19; kidney transplant; anaemia; tubulointerstitial nephritis; glomerular thrombotic

microangiopathy; in situ hybridization; immunochemistry, intravenous immunoglobulin.



Introduction

Parvovirus B19 (B19V) is a human pathogenic virus, belonging to the Parvoviridae family, Erythroparvovirus
genus, and is characterized by a pronounced tropism for erythroid progenitor cells in bone marrow. Its single-
stranded DNA genome encodes for the structural proteins VP1 and VP2, and for few non-structural proteins,
including protein NS1, which play a critical role both in viral life cycle and in B19V induced disease 2. B19V
infection is common and worldwide spread. According to a survey in European countries, including Italy,
infection is more frequently acquired by age of 25 years, with the highest risk in children aged 7-9 years, but
it can occur any time in lifetime, so that at elder ages a high proportion of adult population shows serologic
evidence of past infection*. The most common route of transmission is through aerosol droplets; other routes
include maternal-foetal transmission, with possible severe consequences on the foetus °, or more rarely through
transfusions, administration of blood products , or bone marrow or solid organ transplantation ’. The disease
spectrum associated with B19V infection is wide and heterogeneous, depending on individual characteristics
(age, hereditary anaemic status) and host’s immunologic status (including the use of immunosuppressive
drugs). The viral tropism and cytotoxic effect on erythroid progenitor cells in bone marrow accounts for
anaemia 8 whose severity and duration depends on underlying clinical conditions and the host ability to mount
an effective neutralizing immune response. On the other hand, the pathogenesis and clinical manifestations in
other tissues, such as the typical fifth disease in children and arthropathies mainly observed in adults, or
atypical and heterogenous manifestations in disparate tissues, depend on activation of inflammatory
mechanisms and immune response °. Finally, following infection, the virus can persist lifelong in several

tissues, posing the issue of a possible reactivation related to immunosuppression °.

Case report: a severe case of recurrent anaemia in kidney transplant recipient

A 34-year-old kidney transplanted man was admitted to our ward for acute kidney injury and severe anaemia
requiring multiple blood transfusions. His past medical history was remarkable for end-stage IgA nephropathy
and ABO-incompatible living donor kidney transplant (LDKT) two months before the hospitalization.
Desensitization for ABO-incompatible kidney transplantation was performed, with Rituximab (RTX) at 375

mg/m?, started at -30 days before transplantation (dbt), tacrolimus (Tac) 0.075 mg/kg and mycophenolic acid



(MMF) 750 mg BD at -14 dbt, Plasma Exchange (PEX) at -6 dbt and Intravenous Immunoglobulins (1V1g)
0-5 g/kg at -1 dbt, followed by induction with Basiliximab, 1V Ig, oral steroids and MMF, and later maintenance
therapy with oral steroids, Tac and MMF. At the time of discharge his renal function was slightly upon normal
limits. On admission to the Nephrology Department ultrasonographic medical assessment resulted negative
for vascular or surgical complications, laboratory tests manifest severe anaemic (Hb 6-7 g/dL) non-haemolytic
condition associated with thrombocytopenia (93 x 1079/L) and acute kidney injury (Tablel). Donor-specific
antibody (DSA) screening was negative. The patient was initially treated with several blood transfusions.
Microbiological tests were carried out and high amount of Parvovirus genome copies (>25,000,000 copies/mL)
were detected by gPCR assay (Parvovirus B19 ELITe MGB Assay, EliTech, Italy). Blood cultures and other
microbiological tests were negative, including Cytomegalovirus, Epstein-Barr virus and BK Polyomavirus.
Considering available literature, immunosuppressive therapy was reduced and 1VIg were started resulting in
clinical recovery and amelioration of infectious status. Mycophenolate mofetil (MMF) was discontinued as far
as B19V active infection was detected. Afterwards, low target levels of serum Tac were settled (range 2-4
ng/mL). As a second step treatment, ten 1VIg infusions (0-4 g/kg each) were combined with significantly
improvement in B19V infection, clearance of viral load (8,251 copies/mL) and recovery of renal function
(serum creatinine 2-08 mg/dL). After resolution of anaemia and thrombocytopenia, renal biopsy was carried
out, showing recurrence of primary glomerulopathy (IgAN) and acute tubulointerstitial nephritis (Figure 1).
A successive hospital admission was recorded few months later because of a comparable episode of anaemia
and acute kidney injury. The infection presented again and as much aggressive as the first episode (>
25,000,000 copies/mL) (Table 1). Tac was switched to m-TOR inhibitor (everolimus, range 3-8 ng/mL) and
nine IVIg infusions were performed again until recovery of renal function and decrease of viral load (180,161
copies/mL at the time of discharge). During this treatment, upper limbs/trunk rash occurred. Given the
immunosuppressed status and the consequent inability to mount an efficient immune response, rash was
interpreted as a confounding manifestation of immune complexes aggregation (IVlg + B19V antigen) and
deposition in skin capillaries (Figure 2). The rash disappeared when IVIg treatment was discontinued. Another
renal biopsy was performed. The major pathologic findings were acute tubulointerstitial nephritis and features
consisting in glomerular thrombotic microangiopathy (TMA) possibly related to viral infection. Given the

absence of capillary/glomerular inflammation and negative DSA screening, investigation for antibody



mediated rejection (ABMR) was carried out and C4d peritubular deposition was interpreted as an
accommodation phenomenon in ABO-incompatible kidney transplant setting. Therefore, in situ hybridization
for B19V was performed on tissue samples, localizing viral genomes in endothelial and tubular cells, a finding
highly suggestive for a viral contribution in the renal lesions (Figure 1). Furthermore, structural capsid protein
(VP) and non-structural protein (NS) immunohistochemistry was performed. All the kidney samples resulted
negative for NS and positive for VP immunochemistry in tubular and vascular compartments (Figure 1).
Desensitization pre-transplant strategy in an ABO-incompatible setting with RTX and the maintenance therapy
with Tac contributed to B cell and T cell deficient response to viral infection (PANB CD19+ 0-2%, 1/mmc).
Since the longevity of viral clearance is uncertain and given the relapses during the clinical follow-up, we
proposed weekly and later monthly administration of 1\VVIg for consolidation and maintenance therapy with a
constantly controlled viral load (Figure 3). Antibody titres against B19V were measured repeatedly throughout
the infection (LIAISON® Biotrin Parvovirus B19 IgG and IgM, DiaSorin, Italy); the detection of IgG
correlated with exogenous administration of 1VIg, while the constant absence of IgM indicated the lack of a
natural immune response capable of clearing the viral infection in the long term. At the last outpatient visit, 19
months after second hospitalization, renal function was stable (serum creatinine 1-86 mg/dL), and persistent
low B19V copies were still detectable (8,795 copies/mL). Finally, a retrospective evaluation of archived
recipient pre-transplant (-4 days) peripheral blood indicated presence of B19V DNA at low copy number (820
genome copies/mL), while both donor and recipient were B19V DNA negative the year before (-13 months),
when samples had been stored for immunological cross-matching analysis. Such low B19V positivity in the
pre-transplant period in contrast to past negativity may hint at reactivation of a persistent or latent viral
infection due to pre-transplant desensitization therapy, followed by highly active viral replication in the post-

transplant period when on immunosuppressive maintenance therapy only.

Discussion, data analysis and literature review
Renal involvement in Human Parvovirus B19

Parvovirus B19 was detected for the first time in human sera in 1975 * and the first case of B19V infection in

akidney transplant recipient was reported in 1986 2. Since then, several reports have described B19V infection



in kidney transplant recipients, although the extent of this condition is likely underreported and clinical,

histological and virologic descriptions are rather heterogenous (Table 2).

The most common clinical presentation of B19V infection in immunocompromised patients, including kidney
transplant recipients, is anaemia with a low reticulocyte count, due to the direct inhibitory effect on
erythropoiesis. In case of aggressive immunosuppressive regimens, viral clearance is delayed, and the acute-
phase anaemia is followed by a chronic course, necessitating therapeutic support to avoid persistent red blood
cell aplasia (PRCA), until a patient is able to develop an own mature immune response ‘. In addition to
anaemia, numerous pathological patterns of renal lesions are associated with B19V infection 3, including acute
post-infectious glomerulonephritis (AGN), proliferative glomerulonephritis, collapsing glomerulopathy, focal
segmental glomerulosclerosis (FSGS), thrombotic microangiopathy (TMA), and tubulointerstitial nephritis 4.
In kidney transplant recipients, B19V DNA is frequently found in renal tissues and its presence associated
with greater allograft injury *°, although acute rejection is rarely seen in transplant population and the long-

term outcome does not seem impaired due to B19V infection 167,

Compared to reported cases and known pathogenetic mechanisms, our patient strikingly showed a combination
of clinical and pathological findings that, taken together, contributed to his atypical and severe clinical
presentation. Among these, profound depression of haematopoietic and chronic anaemia, complete anergy of
an own adaptive immune response and reliance of a continuous exogenous 1VIg administration, complex
pathological findings in kidney both in the vascular, glomerular, and tubular components, superimposed on a

background of IgA nephropathy and in the context of a complex post-transplant therapeutic management.

Screening and diagnosis of Parvovirus infection in kidney transplant population

Inadequate or delayed antibody response can feasibly occur in an acquired, iatrogenic immunosuppressed
setting. Therefore, standard serologic tests for B19V specific antibodies are not diagnostic for discriminating
the infection status, that needs to be investigated through direct molecular detection of viral components,
mainly viral nucleic acids and/or proteins *32°, Viral nucleic acid detection and quantification by qPCR, or in
situ tissue hybridization, may provide a rapid and sensitive method of diagnosis in transplant recipients and

are recommended for the diagnosis, for differentiating low level persistence viral DNA from acute viral



infection and for localization of infected cells within tissues 2°. After excluding the main common causes of
anaemia, bone marrow biopsy/aspiration can be useful to identify the underlying origin of pure red cell aplasia
(PRCA). Clinical manifestations are not pathognomonic or can be even cofounding in transplanted patients,
such as in the case of anaemia, usually the unique evidence of infection, which is quite common and
multifactorial especially in the post-transplant period 224, Few monocentric studies tried to define risk factors
of parvovirus infections in kidney transplant population. Deceased donor kidney transplantation, tacrolimus
therapy, high HLA mismatches (> four mismatches), pancytopenia and haemoglobin levels result positively

correlated with high probability of infection in the univariate analysis °.

Following meta-analysis, the overall reported incidence of positive B19V DNA among kidney transplant
patients is 10.3%; in the presence of anaemia, the incidence rate of positive B19V DNA is 27.4% 2%. Prolonged
anaemia after kidney transplantation is a relatively common complication. The pathogenesis of anaemia is
usually multifactorial including surgical, immunological, infectious and iatrogenic aetiologies. In recent years,
viral infections in kidney transplant recipients become increasingly relevant due to new immunosuppressive
treatments. It is now generally known that ABO-incompatible kidney transplantation is associated with an
increased risk of infectious complications, partly related to the effects of extracorporeal treatments and the
strong immunosuppression 262, Renal injury caused by B19V infection could be associated with different
histological presentations *2, Moreover, considering nonspecific pathological features on kidney biopsies in
transplanted patients such as interstitial nephritis and TMA, the differential diagnosis between B19V and
allograft rejection was challenging. In our case, C4d deposition in peritubular capillaries could not have been
taken into consideration as a diagnostic element because of graft accommodation in ABO-incompatible kidney
transplant setting. In situ DNA hybridization allows identification of infected cells through direct detection of
viral DNA in tissue samples. Despite not widely available or standardized in clinical practice, this method
could overcome serology limitation in kidney transplant population and clearly demonstrates virus presence
with a strong predictive value for disease or active infection. Vascular endothelial and tubular epithelial viral
localizations were common features in the two patient’s biopsies (Figure 1; Supplementary Figure 1). These
results were further validated by immunochemistry studies of structural capsid protein (\VP) and non-structural
protein (NS). In particular, all immunochemistry investigation of NS resulted negative; on the contrary, VP

examinations were positive in all kidney samples maintaining tubular and vascular pattern as mentioned above.



These considerations lead to the hypothesis that tubular damage may be linked to reabsorption of viral particles
rather than direct productive infection of renal tissue. Detection of viral particles in the renal parenchyma is a
pivotal result in elucidating B19V pathogenesis, but more studies are needed to understand the mechanisms of
B19V infection and the related tissue damage in a non-permissive cell environment such as kidney tissue.
Hypotheses about the route of infection in kidney transplant population include an exogenous primary infection
in post-transplantation period, reactivation of a latent infection or organ-related transmission. In our patient,
detection of low-level viremia in a pre-transplant sample may hind at viral reactivation in the recipient, possibly
linked to the immunosuppressive effects of the desensitization therapy with RTX, although conclusive
evidence cannot be achieved. Thus far, most reports lack of laboratory data on B19V, including assessment of
pre- and post-transplantation serologic and virologic status of the recipient and donor, in order to support
towards one hypothesis or the other, an observation prompting for implementation of B19V status analysis in

this group of patients.

Prospective for antiviral therapy

The development of preventive or therapeutic measures to contrast B19V infection and its associated diseases
suffers from its general appraisal of a mild, self-limited disease and from the inherent difficulties in defining a
key target for antivirals. A vaccine to prevent the infection is not available, and no specific antiviral therapy
has been approved for B19V, although this would meet clinical needs in case of severe clinical manifestations
18 Development of targeted antiviral strategies against B19V is now an area of current research 23, A vaccine
strategy based on Viral-Like Particles technology (VLP) has been pursued since early after characterization of
B19V as a human pathogenic virus, and initial attempts showed both the immunogenicity of VLPs and their
capacity to elicit production of neutralizing antibodies 3. However, first-generation vaccines yielded also
relevant side-effects that led to termination of clinical trials 2. Second generation vaccines, still based on VLP
technology but modified to abrogate their associated viral phospholipase activity, also show good
immunogenicity 3, but have not been yet evaluated in clinical trials for their efficacy and safety. In the lack of
a vaccine, passive immunization by using IVIg has been always considered the only practically available
therapeutic option and its use is widely reported in the literature. Given the high seroprevalence of B19V in

the general population, IVIG preparations contain high level of anti-B19 IgG 3 and can exert a subsidiary or



replacement neutralizing activity against the virus *. Literature is vast but mostly anecdotic, and controlled
clinical trials to establish the actual best IVlg administration regimen are not reported. The most structured
study reported a good short-term efficacy in controlling B19V viremia and related consequences on
hemopoiesis, while the long-term efficacy is more variable and highly depend on the host immune status . In
particular, in cases of immunosuppression, repeated 1V1g administration might be required, even though viral
clearance is generally linked to the capacity of the host to eventually mount an own immune response. In
perspective, availability of human monoclonal antibodies might add to the passive immunization options ¥.
Recent developments indicated promising strategies in the development of antiviral drugs. Hydroxyurea is a
virostatic compound also used for the treatment of sickle cell disease, showing inhibitory activity against B19V
and might potentially serve a dual purpose . Broad-range antivirals such as the nucleotide analogues
Cidofovir and its derivative Brincidofovir have shown potent antiviral efficacy in in vitro models 4, the
former also reporting a successful use in a clinical setting *2. A serendipitous clinical use of Foscarnet, another
broad range antiviral, has been reported with good results in a few cases, but its activity has not been
demonstrated in controlled in vitro model systems 3. New directions of antiviral therapy move towards a more
selective inhibition of viral and/or cellular systems involved in viral replication. Direct acting antiviral agents
can be targeted at the viral NS1 protein, by inhibiting its nuclear translocation ** or its endonuclease activity,
which is essential for promoting replication of the viral genome “; a high throughput screening effectively
found a few purine derivatives able to inhibit B19V replication in vitro by this mechanism, but their translation
to clinical use is still awaiting “6. Related to kidney transplant population, it should be reminded that there are
no established guidelines for managing neither primary nor recurrent disease 8% so therapy is mostly
empirical (Table 2) 164761 Non-pharmacological measures include supportive therapy with blood transfusions
and reduction in immunosuppressive treatment in order to stabilize the acute phase and support the host’s
production of antibody 1*%2%4, Potent antirejection regimens that involve MMF and Tac should be reconsidered
4852 Indeed, Tac seems to be particularly connected with B19V induced anaemia/red cell aplasia #3*, In the
light of these observations, it could be beneficial switching to another antirejection drug (cyclosporine or m-
Tor inhibitor) 43°962 however, this too lacks consistent evidence-based studies. Since B19V-specific antibody
response is absent or minimal in kidney transplant population, passive immune reconstitution with 1\VVIg can

replace the production of neutralizing antibody, thus facilitating viral clearance, resumption of reticulocytotic



and rising of haematocrit. Most common adverse reaction including fever, chills, headache, myalgia, nausea

and acute renal failure increase significantly along with rising I\V1g dose 1%,

IVIG administration in our patient was carried out according to guidelines 8 and adjusted over time in order
to maintain effective control of viremia and renal function. Initially, we followed the most adopted regimen
consisting of repeated high-dose infusions (reported as 400 mg/Kg/day for 5-10 consecutive days
13,16,28,43,50,52.53.62.65) Then, we opted for a maintenance low-dose regimen able to achieve a low-level viraemic
state in a compensated clinical setting. Given its reliance on a single case report, it is essential to acknowledge
the limitations of our therapeutic proposal as it cannot be generalized to a broader patient population in the
absence of controlled trials. The initial critical presentation, and concerns related to possible toxicity effects
on kidney, discouraged the use of antiviral compounds, such as cidofovir or brincidofovir, as an additional
therapeutic option. However, given the constant necessity of 1VIg therapy and the currently stabilized renal
functionality, a pharmacological approach using cidofovir or brincidofovir may be considered to obtain

complete viral clearance.

Conclusion

This case report analysed B19V infection-associated kidney disease by clinical and histological findings
combined with in situ hybridization and immunohistochemistry techniques in a kidney transplant recipient. In
addition to chronic anaemia as a result of persistent infection, results are suggestive of viral tubular and
vascular localization in the renal tissue. Tubular viral reabsorption hypothesis appears to be stronger, rather
than a direct pathogenetic mechanism driven by productive infection on renal tissue, likely a secondary
localization with respect to replication in bone marrow. Further investigations are required to better clarify the
pathogenetic mechanisms beyond renal involvement in the course of B19V infection, taking into consideration

the contributions of both virus and immune system.

The present case report allowed us to focus attention on B19V infection in kidney transplant recipients and
showed the insufficiency of epidemiological studies in existing literature. This could be a valuable starting
point for further studies aimed at broadening the knowledge of B19V infection mechanisms and the related

tissue damage. B19V is not routinely included in the screening and monitoring of viral infections in kidney



transplant recipients, but its implementation should now be reconsidered also in view of standardisation of
diagnostic tools and treatment regimens. In the absence of a standardized diagnostic protocol, clinical
relevance of B19V infection may be underestimated. In turn, the lack of a shared standardized therapeutic
protocol, might result in various degrees of success or alternatively insufficient long-term responses. Pre-
transplant virologic routine screening might help to categorize subgroup of transplanted patients at high risk;
post-transplant monitoring can anticipate clinically relevant viral replication and direct therapeutic approaches.
Finally, continuing research on antivirals may offer in the future relevant therapeutic options. This study might
provide an important basis in the perspective of understanding/clarifying B19V pathogenesis integrating
several clinical, histological, laboratory and immunochemistry data, with the ultimate goal of developing more

specific treatments to achieve a complete virus eradication.



Search strategy and selection criteria

References were identified through MEDLINE (PubMed) on Dec 21, 2023. For B19V in kidney transplant
recipients, we searched with Medical Subject Heading terms including the keywords “Parvovirus B19” AND
“Kidney transplant”. Retrieved articles were further scrutinized and selected for completeness of information

on clinical, histological and virologic data, and for inclusion of data on follow-up and outcome.
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Figure legends.

Figure 1. Pathological findings. First biopsy (left). Light microscopy. a mesangial proliferation (Periodic-
acid Schiff staining, original magnification x200); b immunofluorescent staining for IgA, predominant
mesangial IgA deposition; ¢ acute interstitial nephritis (Periodic-acid Schiff staining, low power x40); d
accommodation in ABO incompatible kidney transplant setting: positive peritubular capillary staining of C4d;
e B19V VP capsid protein positivity in tubular cells (immunohistochemical staining of B19V VP capsid
antigen, original magnification x100 °¢); f B19V in situ hybridization (Digoxigenin-labeled DNA probe °7):
tubular-positive and glomerular-negative staining. Second biopsy (right). Light microscopy. g acute interstitial
nephritis (hematoxylin and eosin staining, low power x40); h glomerular mesangiolysis (Jones’ methenamine
silver stain, original magnification x200); i immunofluorescent staining for IgA, negative; | B19V VP capsid
protein positivity in tubular cells; m B19VB19V in situ hybridization positive in tubular cells and negative in
glomerulus.

Figure 2. Skin lesions. Skin rash after administration of Intravenous immunoglobulin (IVIG) due to
aggregation in immunocomplexes in an iatrogenic immunosuppressed setting.

Figure 3. Timeline of clinical and therapeutic course.

Haemoglobin serum concentrations (blue line) and serum creatinine trend (grey line) in relation to
Log(10)B19V serum genome copy number (orange line) and the IVIG treatment (yellow arrows). Triangles
indicate kidney biopsies; star indicates switch of the immunosuppressive therapies from Tac to mTORI. B19V,
Parvovirus B19; IVIG, intravenous immunoglobulin; Tac, tacrolimus; mTORi, mammalian target of
rapamicyn inhibitor

Supplementary Figure 1.
Digital core biopsy image and high-resolution zoom into focal areas. a, b Parvovirus B19 in situ

hybridization with tubular-positivity; ¢ Parvovirus B19 in situ hybridization negative in glomerulus



Table 1. Laboratory data of case report

First hospital admission Second hospital admission
Days after transplantation 51 171
Haemoglobin, g/dL [13.5-17.2 g/dL] 67 6:6
Reticulocytes, % [0.5-2.0] 0-3 0-1
Total white blood cells, 10*9/L [3.6-10.5] 9-37 723
Platelets, 10"9/L [160-370] 93 133
Serum creatinine, mg/dL [0.5-1.2] 5-8 (basal 1-7 mg/dL) 4-69 (basal 1-7 mg/dL)
B19V, genome copy number/mL; Log(10)copies/mL >25000000; >7-39 >25000000; >7-39
LDH, U/L [ <248U/L] 580 325
Haptoglobin, mg/dL [30-200 mg/dL] 53 67
DSA negative negative

LDH, lactic dehydrogenase; DSA, donor-specific antibody; [normal range]



Table 2. Parvovirus B19 infection in kidney transplant recipients

Reference

47

48

49

50

51
52

53

54
55
56

57
16

58

59

60

43

61

Sample size

1

39

50

PCR

+

+(2/4)

+

+(4/6)

B.M.
ND

+

+

+(3/6)
+(2/3)
+(4/6)
+

ND

+
+(13/39)

ND

ND

ND

K.B.
ND

+d

4ac

ND

ND
ND

ND

ND
ND

ND
ND

ND

ND

ND

ND

ND

Treatment*
S

IVIG

S

IVIG

NT (3/4)
IVIG (1/4)
IVIG (1/1)
S (1/1)
IVIG

R (3/6)
IVIG (5/6)
IVIG (3/3)
RI(1/3)
IVIG

IVIG

IVIG (1/2)
RI(1/2)
IVIG

NT (6/39)
RI (4/6)
IVIG (29/39)
RI

IVIG
RI(9/9)

S (9/9)
IVIG (9/9)
S

IVIG

RI (50/50)
S (44/50)
IVIG (45/50)°
Foscarnet (5/50)
RI(1/3)
IVIG (2/3)

Outcome**

+

NT (3/3) +
IVIG (1/1) +

+

+

IVIG group +

IVIG group 39/45 +
Foscarnet group 10/11 +

*Treatment undertaken beyond blood transfusions; **resolution of anaemia; PCR, polymerase chain reaction (serum);
B.M., bone marrow biopsy/aspiration; K.B., kidney biopsy; NT, no treatment undertaken; RI, reduction of
immunosuppression; IVIG, intravenous immunoglobulin; S, switch tacrolimus to cyclosporin/mTOR inhibitor; a,
thrombotic microangiopathy evidence in renal tissue sample; b, IVIG (6/45) were converted to foscarnet therapy; c,
Parvovirus B19 DNA in situ Hybridization on kidney biopsy; d. interstitial nephritis evidence in renal tissue sample.
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Abstract

Weln-this-Ground-Reund—we, describe a case of a 34-year-old male recipient of an ABO-incompatible man

with—living donor kidney transplant (LDKT) LRKTF—-ABO incompatible—who experienced repeated

hospitalizations for unexplained-gnaemia. Acute kidney injury on a severe and recurrent anaemia related to

Parvovirus B19 (B19V) infection was diagnosed throughbased-en, viral and histopathological analysis. In

viewthe—absenee, of the impaired patient’spatient own immune response due to the immunosuppressive

regimen, clinical stabilization was achieved by repeated IVVIghAG, administration as a maintenance therapy in

a prolonged course, although in the absence of viral clearance. TheA review of literature highlighted a variety

of isprovided highlighting-the-various-pathological patterns-efrenal lesions reperted-as-associated with B19V

infection, althoughthe-insufficieney-of epidemiological data on B19V infection in kidney transplant,-the-lack

of standardized diagnostic and therapeutic protocols, and the prospective for specific antiviral therapy are still

scanty.; Extended awareness of clinical relevance of B19V infection in kidney transplant recipients should
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direct future efforts toward a better consideration and comprehension of viral-induced pathogenesis, aimed at

effective diagnostic and therapeutic appropriateness.

Keywords: parvovirus B19; kidney transplant; anaemia; tubulointerstitial nephritis; glomerular thrombotic

microangiopathy; in situ hybridization; immunochemistry, intravenous immunoglobulin.
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Introduction

Parvovirus B19 (B19V) is a human pathogenic virus, belonging to the Parvoviridae family, Erythroparvovirus
genus, and is characterized by a pronounced tropism for erythroid progenitor cells in bone marrow. Its single-
stranded DNA genome encodes for the structural proteins VVP1 and VP2, and for few non-structural proteins,
including protein NS1, which play a critical role both in viral life cycle and in B19V induced disease . B19V
infection is common and worldwide spread. According to a survey in European countries, including Italy,

infection is more frequently acquired by age of 25 years, with the highest risk in children aged 7-9 years, but

it can occur any time in lifetimelifelong, so that at elder ages a high proportion of adult population shows

serologic evidence of past infection®. The mostinfection-*—Maest common route of transmission is through

aerosol droplets; other routes include maternal-foetal transmission, with possible severe consequences on the

foetus °, or more rarely through transfusionstransfusien, administration of blood products ®, or bone marrow

or solid organ transplantation . The disease spectrum associated with B19V infection is wide and
heterogeneous, depending on individual characteristics (age, hereditary anaemic status) and host’s

Jimmunologic status (including the ineluded-use of immunosuppressive drugs).)-efthe-hest; The viral tropism

and cytotoxic effect on erythroid progenitor cells in bone marrow accounts for anaemia 8, whose severity and
duration depends on underlying clinical conditions and the host ability to mount an effective neutralizing
immune response. On the other hand, the pathogenesis and clinical manifestations in other tissues, such as the
typical fifth disease in children and arthropathies mainly observed in adults, or atypical and heterogenous
manifestations in disparate tissues, depend on activation of inflammatory mechanisms and immune response
°. Finally, following infection, the virus can persist lifelong in several tissues, posing the issue of a possible

reactivation related to immunosuppression *°.

Case report: a severe case of recurrent anaemiaAnaemig in kidney transplantiidney—Fransplant

recipient

A 34-year-old kidney transplanted man was admitted to our ward for acute kidney injury and severe anaemia
requiring multiple blood transfusions. His past medical history was remarkable for end-stage IgA nephropathy

and ABO-incompatible Jiving donor kidney transplant (LDKT) £RKF)-ABO-incompatibletwo months before
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the hospitalization. Desensitization for ABO-incompatible kidney transplantationtherapy, was performed, with

Rituximab (RTX) at 375 mg/m?, started at -30 days before transplantation (dbt), tacrolimus (Tac) 0.075 mg/kg
and mycophenolic acid (MMF) 750 mg BD at -14 dbt, Plasma Exchange (PEX) at -6 dbt and Intravenous

Immunoglobulins (IVIghrmureglebuin(NAS) 0-5 g/kg at -1 dbt, followed by induction with Basiliximab,

IVIghAS, oral steroids and MMF, and later maintenance therapy with oral steroids, Tac and MMF. At the

time of discharge his renal function was slightly upon normal limits. On admission to the Nephrology
Department ultrasonographic medical assessment resulted negative for vascular or surgical complications,
laboratory tests manifest severe anaemic (Hb 6-7 g/dL) non-haemolytic condition associated with

thrombocytopenia (93 x 1079/L) and acute kidney injury (Tablel). Donor-specific antibody (DSA) screening

was negative. The patient was initially treated with several blood transfusions. Microbiological tests were

carried out and high amount of Parvovirus genome copies (>25,000,000250000606, copies/mLH) were detected

by gPCR assay (Parvovirus B19 ELITe MGB Assay, EliTech, Italy). Blood cultures and other microbiological
tests were negative, including Cytomegalovirus, Epstein-Barr virus and BK Polyomavirus. Considering

available literature, immunosuppressive therapy was medications-were-reduced and 1VIg werePAGS, started

resulting inwith clinical recovery and amelioration of infectious status. Mycophenolate mofetil (MMF) was

discontinued as far as B19V active infection was detected. Afterwards, low target levels of serum Tac were

settled (range 2-4 ng/mL). As a second step treatment, ten |VIghAS, infusions (0-4 g/kg each) were combined

with significantly improvement in B19V infection, clearance of viral load (8,251825% copies/mL) and recovery

of renal function (serum creatinine 2:08 mg/dL). After resolution of anaemia and thrombocytopenia, renal

biopsy was carried out, showing recurrence of primarybaseline glomerulopathy (IgAN) and acute

tubulointerstitial nephritis (Figure 1). A successiveSimiar, hospital admission was recorded few months later

because of a comparable episode of anaemia and acute kidney injury. The infection presented again and as

much aggressive as the first episode (> 25,000,00025000006, copies/mLs) (Table 1). Tac was switched to m-

TOR inhibitor (everolimus, range 3-8 ng/mL) and nine IVIg infusions were PAG—infusion—therapy—was

Jperformed again untilwith recovery of renal function and decrease of viral load (180,161180616% copies/mL at

interpreted as a confounding manifestation of immune complexes aggregation (IVIghAS, + B19V antigen)
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discontinued. Another renal biopsy was performed. The majorMajer, pathologic findings were acute

tubulointerstitial nephritis and features consisting in glomerular thrombotic microangiopathy (TMA) possibly

related to the-viral infection. GivenSines, the absence of capillary/glomerular inflammation and negative DSA

screening,_investigation for, antibody mediated rejection (ABMR) was carried out and C4d peritubular

deposition was interpreted as an agccommodation phenomenon in ABO-;incompatible kidney transplant setting.

Therefore, in situ hybridization for B19V was performed on tissue samples, localizing viral genomes in
endothelial and tubular cells, a finding highly suggestive for a viral contribution in the renal lesions (Figure
1). Furthermore, structural capsid protein (VP) and non-structural protein (NS) immunohistochemistry was

performedearried-out, All the kidney samples resulted negative for NS and positive for VP immunochemistry

in tubular and vascular compartments (Figure 1). Desensitization pre-transplant strategy in an ABO-

incompatibleABO4, setting with RTX and the maintenance therapy with Tactaerehiraus contributed to B cell

and T cell deficient response to viral infection (PANB CD19+ 0-2%, 1/mmc). Since the longevity of viral

clearance is uncertain and given the relapses during the clinical follow--up, we proposed weekly and later

monthly administration of 1\VIghAG, for consolidation and maintenance therapy with a constantly controlled

viral load (Figure 3). Antibody titrestiters against B19V were measured repeatedly throughout the infection

(LIAISON® Biotrin Parvovirus B19 1gG and IgM, DiaSorin, Italy); the detection of IgG correlatedeorrelates,

with exogenous administration of 1VIghAGS, while the constant absence of IgM indicateddemenstrates, the

lack of a natural immune response capable of clearing the viral infection in the long term. At the last outpatient

visit, 19 months after second hospitalization, renal function wasis, stable (serum creatinine 1-86 mg/dL), and

persistent low B19V copies wereean still detectable (8,795be—measured—{(8+95, copies/mLwal). Finally, a

retrospective evaluation of archived recipient pre-transplant (-4 days) peripheral blood indicated presence of

B19V DNA at low copy number (820 genome copies/mL#at), while both donor and recipient were B19V DNA

negative the year before (-13 months), when samples had been stored for immunological cross-matching

analysis._Such low B19V positivity in the pre-transplant period in contrast to past negativity may hint at

reactivation of a persistent or latent viral infection due to pre-transplant desensitization therapy, followed by

highly active viral replication in the post-transplant period when on immunosuppressive maintenance therapy

only.
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Discussion, data analysis and literature review

Renal involvement in Human Parvovirus B19

Parvovirus B19 was detected for the first time in human sera in 1975 ** and the first case of B19V infection in
akidney transplant recipient was reported in 1986 2. Since then, several reports have described B19V infection
in kidney transplant recipients, although the extent of this condition is likely underreported and clinical,

histological and virologic descriptions are rather heterogenous (Table 2).

-The most common clinical presentation of B19V infection in immunocompromised patients,

includingineluded kidney transplant recipients, is anaemia with a low reticulocyte count, due to the direct

inhibitory effect on erythropoiesis. In case of aggressive immunosuppressive regimens, viral clearance is

delayed, and the acute-phase anaemiaaremia is followed by a chronic course, necessitating therapeutic support

to avoid persistent red blood cell aplasia (PRCA), until a patient is able to develop an own mature immune
response ’. In addition to anaemia, numerous pathological patterns of renal lesions are associated with B19V

infection *3, including acute post-—infectious glomerulonephritis (AGN), proliferative glomerulonephritis,

collapsing glomerulopathy, focal segmental glomerulosclerosis (FSGS), thrombotic microangiopathy (TMA),

and tubulointerstitial nephritis 4. In kidney transplant recipientstransplanted-patients, B19V DNA is frequently

found in renal tissues and its presence associated with greaterhigher. allograft injury %, although acute rejection

is rarely seen in transplant population and the long-term outcome does not seem impaired due to B19V

infection 1617,

Compared to reported cases and known pathogenetic mechanisms, our patient strikingly showed a combination

of clinical and pathological findings that, taken together, contributed to his atypical and severe clinical

presentation. Among these, profound depression of haematopoietic and chronic anaemia, complete anergy of

an own adaptive immune response and reliance of a continuous exogenous 1V1g administration, complex

pathological findings in kidney both in the vascular, glomerular, and tubular components, superimposed on a

background of IgA nephropathy and in the context of a complex post-transplant therapeutic management.
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Screening and diagnosis of Parvovirus infection in kidneyiidrey transplant population

Inadequate or delayed antibody response can feasibly occurmay—be—rrounted, in an acquired, iatrogenic

immunosuppressed setting. Therefore, standard serologic tests for B19V specific antibodies are not diagnostic
for discriminating the infection status, that needs to be investigated through direct molecular detection of viral
components, mainly viral nucleic acids and/or proteins 819, Viral nucleic acid detection and quantification by
gPCR, or in situ tissue hybridization, may provide a rapid and sensitive method of diagnosis in transplant
recipients and are recommended for the diagnosis, for differentiating low level persistence viral DNA from
acute viral infection and for localization of infected cells within tissues 2°. After excluding the main common:

causes of anaemia, bone marrow biopsy/aspiration can be useful to identify the underlying origineause, of pure

red cell aplasia (PRCA). Clinical manifestations are not pathognomonic or can be gven cofounding in

transplanted patients, such as in the case oflike anaemia, usually the unique evidence of infection, which is

quite common and multifactorial especially in the post-transplant period 22, Few monocentric studies tried

to define risk factors of parvovirus infections in kidney transplant {<¥)-population. Deceased donor kidney

transplantation, tacrolimus therapy, high HLA mismatches (> four mismatches), pancytopenia and

haemoglobin levels result positively correlated with high probability of infection in the univariate analysis 6.

Following meta-analysis, the overall reported incidence of positive B19V DNA among kidney

transplantkidney-TFransplant-(KT), patients is 10.3%; in the presence ofameng-KTFpatients-with anaemia, the

incidence rate of positive B19V DNA is 27.4% 25. Prolonged anaemia after kidney transplantation is a
relatively common complication. The pathogenesis of anaemia is usually multifactorial including surgical,
immunological, infectious and iatrogenic aetiologies. In recent years, viral infections in kidney transplant
recipients become increasingly relevant due to new immunosuppressive treatments. It is now generally known

that ABO-incompatibleABO4, kidney transplantation is associated with an increased risk of infectious

complications, partly related to the effects of extracorporeal treatments and the strong immunosuppression
%627 Renal injury caused by B19V infection could be associated with different histological presentations 3%,
Moreover, considering nonspecific pathological features on kidney biopsies in transplanted patients such as
interstitial nephritis and TMA, the differential diagnosis between B19V and allograft rejection washas-beer,

challenging. In our case, C4d deposition in peritubular capillaries could not have been taken into consideration

as a diagnostic element because of graft accommodation in ABO-incompatibleABO4 kidney transplant setting.
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In situ DNA hybridization allows identification of infected cells through direct detection of viral DNA in tissue
samples. Despite not widely available or standardized in clinical practice, this method could overcome
serology limitation in kidney transplantiT, population and clearly demonstratesdemenstrate, virus presence
with a strong predictive value for disease or active infection. VVascular endothelial and tubular epithelial viral
localizationslecatization, were common features in the two patient’s biopsies (Figure 1; Supplementary
Figure 1). These results were further validated byfrem immunochemistry studies of structural capsid protein
(VP) and non-structural protein (NS). In particular, all immunochemistry investigation of NS resulted negative;
on the contrary, VP examinations were positive in all kidney samples maintaining tubular and vascular pattern
as mentioned above. These considerations lead to the hypothesis that tubular damage may be linked to
reabsorption of viral particles rather than direct productive infection of renal tissue. Detection of viral particles
in the renal parenchyma is a pivotal result in elucidating B19V pathogenesis, but more studies are needed to
understand the mechanisms of B19V infection and the related tissue damage in a non-permissive cell
environment such as kidney tissue. HypothesesHypethesis about the route of infection in kidney transplant<F,
population include an exogenous primary infection in post-transplantation period, reactivation of a latent
infection or organ-related transmission. In our patient, detection of low-level viremia in a pre-transplant sample
may hind at viral reactivation in the recipient, possibly linked to the immunosuppressive effects of the
desensitization therapy with RTXRituxirmah, although conclusive evidence cannot be achieved. Thus far, most
reports lack of laboratory data on B19V, including assessment of pre-, and post-transplantation serologic and
virologic status of the recipient and donor, in order to-lend, support towards one hypothesis or the other, an

observation prompting for implementation of B19V status analysis in this group of patients.

Prospective for antiviral therapy

The development of preventive or therapeutic measures to contrast B19V infection and its associated diseases
suffers from its general appraisal of a mild, self-limited disease and from the inherent difficulties in defining a
key target for antivirals. A vaccine to prevent the infection is not available, and no specific antiviral therapy
has been approved for B19V, although this would meet clinical needs in case of severe clinical manifestations
'8, Development of targeted antiviral strategies against B19V is now an area of currentaetive, research 2%, A

vaccine strategy based on Viral-Like Particles technology (VLP) has been pursued since early after

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

{ Formatted:

English (United States)




characterization of B19V as a human pathogenic virus, and initial attempts showed both the immunogenicity
of VLPs and their capacity to elicit production of neutralizing antibodies 3*. However, first-generation vaccines
yielded also relevant side-effects that led to termination of clinical trials 2. Second generation vaccines, still
based on VLP technology but modified to abrogate their associated viral phospholipase activity, also show
good immunogenicity %, but have not been yet evaluated in clinical trials for their efficacy and safety. In the
lack of a vaccine, passive immunization by using 1VIghAS, has been always considered the only practically
available therapeutic option and its use is widely reported in the literature. Given the high seroprevalence of
B19V in the general population, IVIG preparations contain high level of anti-B19 IgG 3 and can exert a
subsidiary or replacement neutralizing activity against the virus *. Literature is vast but mostly anecdotic, and
controlled clinical trials to establish the actual best IVIghA4G, administration regimen are not reported. The
most structured study reported a good short-term efficacy in controlling B19V viremia and related
consequences on hemopoiesis, while the long-term efficacy is more variable and highly depend on the host
immune status *. In particular, in cases of immunosuppression, repeated 1VIghAG, administration might be
required, even though viral clearance is generally linked to the capacity of the host to eventually mount an own
immune response. In perspective, availability of human monoclonal antibodies might add to the passive
immunization options ¥. Recent developments indicated promising strategies in the development of antiviral
drugs. Hydroxyurea is a virostatic compound also used for the treatment of sickle cell disease, showing
inhibitory activity against B19V and might potentially serve a dual purpose *. Broad-range antivirals such as
the nucleotide analogues Cidofovir and its derivative Brincidofovir have shown potent antiviral efficacy in in
vitro models *°#, the former also reporting a successful use in a clinical setting 2. A serendipitous clinical use
of Foscarnet, another broad range antiviral, has been reported with good results in a few cases, but its activity
has not been demonstrated in controlled in vitro model systems 3. New directions of antiviral therapy move
towards a more selective inhibition of viral and/or cellular systems involved in viral replication. Direct acting
antiviral agents can be targeted at the viral NS1 protein, by inhibiting its nuclear translocation * or its
endonuclease activity, which is essential for promoting replication of the viral genome “°; a high throughput
screening effectively found a few purine derivatives able to inhibit B19V replication in vitro by this
mechanism, but their translation to clinical use is still awaiting “6. Related to kidney transplantiT, population,

it should be reminded that there are no established guidelines for managing neither primary nor recurrent
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disease #1°, so therapy is mostly empirical (Table 2) 16476, Non-pharmacological measures include supportive
therapy with blood transfusions and reduction in immunosuppressive treatment in order to stabilize the acute

phase and support the host’s production of antibody 362%4. Potent antirejection regimens that involve

mychophenolate-mofeti {MMPF), and tacrelimus—{Tac), should be reconsidered **%2, Indeed, Tac seems to be

observations, it could be beneficial switching to another antirejection drug (cyclosporine or m-Tor inhibitor)
485062 however, this too lacks consistent evidence-based studies. Since B19V-specific antibody response is

absent or minimal in kidney transplant¥, population, passive immune reconstitution with 1VIg canfRA4GS),

replace the production of neutralizing antibody, thus facilitating—helping—n, viral clearance, resumption of

reticulocytotic and afising ofin haematocrit. Most common adverse reaction including fever, chills, headache,

myalgia, nausea and acute renal failure increase significantly along with rising 1VIgthe- P4G, dose 1%,

IVIG administration in our patient was carried out according to guidelines *® and adjusted over time in order
to maintain effective control of viremia and renal function. Initially, we followed the most adopted regimen
consisting of repeated high-dose infusions (reported as 400 mg/Kg/day for 5-10 consecutive days
13.16,2843,5052.5362.6%) * Then, we opted for a maintenance low-dose regimen able to achieve a low-level

viraemicvirernie state in a compensated clinical setting. Given its reliance on a single case report, it is essential

to acknowledge the limitations of our therapeutic proposal as it cannot be generalized to a broader patient
population in the absence of controlled trials. The initial critical presentation, and concerns related to possible
toxicity effects on kidney, discouraged the use of antiviral compounds, such as cidofovir or brincidofovir, as

currentlyrew stabilized renal functionality, a pharmacological approach using cidofovir or brincidofovir may

be considered to obtain complete viral clearance.

Conclusion

This case report analysedta-this-Greund-Reund-we-analyse B19V infection-associated kidney disease by

clinical and histological findings combined with in situ hybridization and immunohistochemistry techniques

in a kidney transplant recipient. In addition to chronic anaemia as a result of persistent infection, results are

suggestive ofstanefor viral tubular and vascular localization in the renal tissue. Tubular viral reabsorption
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hypothesis appears to bewas, stronger, —supperted, rather than a direct pathogenetic mechanism driven by

productive infection on renal tissue, likely a secondary localization with respect to replication in bone marrow.

Further investigations are required to better clarify the pathogenetic mechanisms beyond renal involvement in

the course of B19V infection, taking into consideration the contributions of both virus and immune system.

The present case report allowed us to focus attention on B19V infection in kidney transplant recipients and

showed the insufficiency of epidemiological studies in the-gxisting literature. This could be a valuablear

exceHent starting point for further studies aimed at broadening the ivestigation-which—should—improve

knowledge ofir, B19V infection mechanisms and the related tissue damage. B19V is not routinely included in

the screening and monitoring of viral infections in kidney transplant recipients, but its implementation should

now be reconsidered also in view of standardisation of diagnostic tools and treatment regimens.recipient

patients; In the absence of a standardized diagnostic protocol, clinical relevance of B19V infection may be

underestimated. In turn,;-ane-in, the lackabsenee, of a shared standardized therapeutic protocol, might result in

virologic routine screening might help to categorize subgroup of transplanted patients at high risk; post-
transplant monitoring can anticipate clinically relevant viral replication and direct therapeutic approaches.

Finally, continuing research on antivirals may offer in the future relevant therapeutic options. This study might

understanding/clarifying B19V pathogenesis integrating several clinical, histological, laboratory and

immunochemistry data, with the ultimate goal of developing—Fhe-goal-of-thestudy-is-to-raise-awareness-of

order-to-develop more specific treatments to achieve a complete virus eradication.
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Search strategy and selection criteria

References were identified through MEDLINE (PubMed) on Dec 21, 2023. For B19V in kidney transplant
recipients, we searched with Medical Subject Heading terms including the keywords “Parvovirus B19”” AND
“Kidney transplant”. Retrieved articles were further scrutinized and selected for completeness of information

on clinical, histological and virologic data, and for inclusion of data on follow-up and outcome.

Contributors

GMB, GC, GV, GLM analysed the clinical case. GMB, GC, GV, EM acquired and analysed the data. GG EM
contribute processing data and writing manuscript. All coauthors interpreted the results and reviewed the final
version of the manuscript.

Patient’s consent for the publication of manuscript materials has been obtained.
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Figure legends.

Figure 1. Pathological findings. First biopsy (left). Light microscopy. a mesangial proliferation (Periodic-
acid Schiff staining, original magnification x200); b immunofluorescent staining for IgA, predominant
mesangial IgA deposition; c acute interstitial nephritis (Periodic-acid Schiff staining, low power x40); d
accommodation in ABO incompatible kidney transplant setting: positive peritubular capillary staining of C4d;
e B19V VP capsid protein positivity in tubular cells (immunohistochemical staining of B19V VP capsid
antigen, original magnification x100 %); f B19V in situ hybridization (Digoxigenin-labeled DNA probe ©7):
tubular-positive and glomerular-negative staining. Second biopsy (right). Light microscopy. g acute interstitial
nephritis (hematoxylin and eosin staining, low power x40); h glomerular mesangiolysis (Jones’ methenamine
silver stain, original magnification x200); i immunofluorescent staining for IgA, negative; | B19V VP capsid
protein positivity in tubular cells; m B19VB19V in situ hybridization positive in tubular cells and negative in
glomerulus.

Figure 2. Skin lesions. Skin rash after administration of Intravenous immunoglobulin (IVIG) due to
aggregation in immunocomplexes in an iatrogenic immunosuppressed setting.

Figure 3. Timeline of clinical and therapeutic course.

Haemoglobin serum concentrations (blue line) and serum creatinine trend (grey line) in relation to
Log(10)B19V serum genome copy number (orange line) and the IVIG treatment (yellow arrows). Triangles
indicate kidney biopsies; star indicates switch of the immunosuppressive therapies from Tac to mTORi. B19V,
Parvovirus B19; IVIG, intravenous immunoglobulin; Tac, tacrolimus; mTORi, mammalian target of
rapamicyn inhibitor

Supplementary Figure 1.
Digital core biopsy image and high-resolution zoom into focal areas. a, b Parvovirus B19 in situ
hybridization with tubular-positivity; ¢ Parvovirus B19 in situ hybridization negative in glomerulus



Table 1. Laboratory data of case report

First hospital admissi Second hospital admissi {Formatted: Italian (Italy)

Days after transplantati 31 171 { Formatted: Italian (ltaly)

Haemoglobin, g/dL [13.5-17.2 g/dL] Y 66 [ Formatted: Italian (Italy)

Reticulocytes, % [0.5-2.0] 03 01 { Formatted: Italian (Italy)
Total white blood cells, 10°9/L [3.6-10.5] 937 7-23 { Formatted: English (United States)

Platelets, 1079/L [160-370] 93 133 {Formatted: Italian (ltaly)

Serum creatinine, mg/dL [0.5-1.2] 58 (basal 1-7 mg/dL) 4-69 (basal 1-7 mg/dL) [ Formatted: ltalian (Italy)

[Formatted: Italian (ltaly)

B19V, g copy ber/mL; Log(10)copies/mL >25000000; >7-39 >25000000; >7-39
{Formatted: Italian (ltaly)
DH, U/L | < 248U/L 580 325 -

L L 1 [Formatted: Italian (ltaly)
Haptoglobin, mg/dL [30-200 mg/dL] &3 67 { Formatted: English (United States)

DSA negative negative {Formatted: Italian (ltaly)

LDH, lactic dehydrogenase; DSA, donor-specific antibody; [normal range] {Formatted: Italian (Italy)

Formatted:

English (United States)
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Table 2. Parvovirus B19 infection in kidney transplant recipients

Reference S PCR B.M. K.B. Treatment* Outcome**
47 1 + ND ND S +
IVIG
a8 1 + + 44 S +
IVIG
49 4 +H(2/4) + +4¢ NT (3/4) NT (3/3) +
IVIG (1/4) IVIG (1/1) +
S0 1 + + ND IVIG (1/1) +
S (1/1)
Sl 1 + + ND IVIG +
52 6 +(4/6) +(3/6) ND R (3/6) +
IVIG (5/6)
3 3 + +H2/3) ND IVIG (3/3) +
RI(1/3)
S54 6 + +H4/6) + IVIG +
S5 1 + + ND VIG +
56 2 + ND ND IVIG (1/2) +
RI(1/2)
57 1 + + ND IVIG +
J6 39 + +(13/39) ND NT (6/39) 1VIG group +
RI (4/6)
IVIG (29/39)
58 1 + + ND RI +
IVIG
9 9 + ND ND RI(9/9) +
S (9/9)
IVIG (9/9)
50 1 + + ND S +
IVIG
a3 50 + ND ND RI1(50/50) IVIG group 39/45 +
S (44/50) Foscarnet group 10/11 +
IVIG (45/50)°
Foscarnet (5/50)
61 3 + ND ND RI(1/3) +
IVIG (2/3)

A

*Treatment undertaken beyond blood transfusions; **resolution of anaemia; PCR, polymerase chain reaction (serum);

B.M., bone marrow biopsy/aspiration; K.B., kidney biopsy; NT, no treatment undertaken; RI, reduction of
immunosuppression; IVIG, intravenous immunoglobulin; S, switch tacrolimus to cyclosporin/mTOR inhibitor; a,
thrombotic microangiopathy evidence in renal tissue sample; b, IVIG (6/45) were converted to foscarnet therapy; c,
Parvovirus B19 DNA in situ Hybridization on kidney biopsy; d. interstitial nephritis evidence in renal tissue sample.
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