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Background: Parvovirus B19-associated pure red cell aplasia (PVB19-PRCA) is an uncom
mon but serious complication after kidney transplantation. Currently, intravenous immuno
globulin (IVIG) is preferred as the first-line treatment for PVB19-PRCA, but presents with 
disadvantages of disease recurrence and expensive cost. In this context, we propose that 
foscarnet therapy for kidney transplantation recipients (KTR) with PVB19-PRCA may be an 
alternative scenario. No related study has been reported, and we performed this study to 
assess the efficacy and safety of foscarnet for PVB19-associated PRCA in KTR.
Methods: We conducted a retrospective review of PVB19-PRCA in KTR at our center over 
9-year period. The data on therapy and outcomes in all cases treated with foscarnet are 
detailed records and summarized.
Results: Among our 68 patients, PVB19-PRCA was confirmed in 50 based on inclusion/ 
exclusion criteria. All patients presented with refractory anemia and low reticulocyte percentage 
(<0.5%), the mean hemoglobin of patients was 79.8±12.6g/L at the time of PVB19-PRCA was 
identified. The median serum genome copy number of parvovirus B19 at diagnosis was 9.6 log10 

copies per milliliter. A total of 11 patients received foscarnet therapy, of 10 patients responded 
well to the treatment and maintained no recurrence. But 1 patient had a poor response to foscarnet 
therapy. Except for this patient, the mean hemoglobin level gradually increased from 68.5±9.3 g/ 
L to 73.2±8.8 g/L, and the mean percentage of reticulocytes steadily increased from 0.1±0.0% to 
7.6±2.9% after foscarnet therapy. The median serum genome copy number of parvovirus B19 
decreased from 9.8 log10 to 6.1 log10 copies per milliliter. There was no significant difference 
(P=0.61, 0.60) in serum creatinine and glomerular filtration rate before and after foscarnet 
treatment. At the latest follow-up, the mean hemoglobin was 131.5±12.5 g/L and the hemoglobin 
correction occurred in all patients.
Conclusion: Foscarnet therapy doesn't seem to be worse than IVIG for PVB19-PRCA in 
KTR, and it can be an alternative option.
Keywords: human parvovirus B19, pure red cell aplasia, foscarnet therapy, kidney 
transplantation

Introduction
Human parvovirus B19 is a small non-enveloped single-stranded linear DNA virus of 
the family Parvoviridae.1 In 1975, Yvonne Cossart first discovered parvovirus particles, 
which were detected in the serum number 19 of panel B, hence the name.2 It has been 
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proven that parvovirus B19 targets the erythroid precursor 
progenitors predominantly in the bone marrow, inducing 
apoptosis in infected target cell and resulting in acute and 
chronic anemia.3 Parvovirus B19 can have a variety of clin
ical manifestations under diverse situations. For immuno
compromised population, the common phenomenon in the 
majority of patients is pure red cell aplasia. It is defined by 
the lack of mature erythroid erythroblasts, but with the pre
sence of giant pronormoblasts in the bone marrow.4–6 Owing 
to the immunosuppression status, kidney transplant recipi
ents were particularly prone to acquire parvovirus B19 infec
tion. The persistence of refractory anemia with 
reticulocytopenia in KTR should be alerted for PVB19- 
PRCA, which posed a potential serious threat to the allograft 
and recipient survival.7 At present, there is no codified pro
tocol of treatment in terms of PVB19-PRCA. In the literature 
review, intravenous immunoglobulin (IVIG) is found to be 
beneficial in kidney transplant recipients with PVB19- 
PRCA. Nevertheless, the recurrence rate of PRCA was 
34%, and the one-year success rate was 47% following 
IVIG therapy.8 Due to the high cost of the IVIG, repeated 
relapses have increased the economic burden on individuals 
even in society, not to mention the side effects of IVIG. 
Foscarnet is an antivirus drug, which is mainly used to treat 
CMV, HSV and VZV viral infection in immunocompromised 
patients. As an analog of pyrophosphate, foscarnet can inhi
bit the DNA chains from extending further by reversibly and 
selectively blocking the binding site of the viral DNA poly
merase enzyme.9 Based on these findings, we initially 
attempted to use foscarnet in KTR with PVB19-PRCA who 
were ineffective in multiple courses of IVIG therapy. To our 
satisfaction, we found that foscarnet therapy seems to be 
working well in these patients. Therefore, on this basis, we 
preliminarily explored the efficacy and safety of foscarnet 
therapy in kidney transplantation recipients with new-onset 
PVB19-PRCA.

Patients and Methods
Study Population
We retrospectively reviewed all cases of KTR with PVB19- 
PRCA between January 2011 and December 2019 in the 
center of kidney disease, the first affiliated hospital, College 
of Medicine, Zhejiang University. Recipients, who received 
kidney transplantation in combination with another organ, 
were ABO-incompatible kidney transplantation, and those 
blood specimens that could not be retained were excluded. 
We collected all relevant information on their demographics, 

clinical characteristics, treatment and outcomes. Then, we 
focused on analysis of the data on therapeutic scenario (pre
vious therapy, duration and dose of foscarnet, adjustment in 
immunosuppression regimen, blood transfusion) and out
comes (changes in hemoglobin, virologic response, serum 
creatinine (Scr) and the estimated glomerular filtration rate 
(eGFR) at the start and end of foscarnet therapy, follow-up, 
death, cause of death, the latest hemoglobin and the parvo
virus B19 copy number) in all cases treated with foscarnet. 
All data were collected from electronic medical record and 
kidney transplantation database at our center.

Definitions
KTR with PVB19-PRCA were included in our study 
according to the following criteria: (1) severe progressive 
anemia with no response to erythropoietin (the lowest 
hemoglobin <10g/dL), in the absence of active bleeding, 
iron and folate deficiency, neoplasms, autoimmune, chron
ical graft dysfunction and drug-induced PRCA after renal 
transplantation. (2) Reticulocytes < 0.5% (3) Standard 
qualitative or quantitative whole-blood polymerase chain 
reaction (PCR) positive of Parvovirus B19 (PVB19 DNA 
level was more than 6 log10 copies per milliliter). Human 
parvovirus B19 DNA was detected by commercial real- 
time PCR kit (LiferiverTM Shanghai ZJ Biotechnology Co, 
Ltd) in whole-blood. Due to the serological detection of 
immunocompromised patients was unreliable, no antibody 
of parvovirus B19 was detected in this study. In our study, 
KTR with good graft function refer to the estimated glo
merular filtration rate (eGFR) of more than 45mL/min/ 
1.73m2. The eGFR is estimated with the Chronic Kidney 
Disease Epidemiology Collaboration CKD-EPI formula. 
Correction of hemoglobin is defined as hemoglobin level 
more than 10g/dL or back to the level before PVB19- 
PRCA diagnosis.

Treatment
Recipients who received IVIG therapy were given IVIG 
20g/day for 5–10 consecutive days and adjusted for immu
nosuppression. In case of nonresponse to the first IVIG 
course or recurrence, another course of IVIG (20g/day for 
5–10 days) may be given. In situation of recurrence of 
IVIG therapy, we decided to switch from IVIG to foscar
net therapy after written informed consent was obtained 
from patients.

Recipients who received foscarnet therapy were given 
foscarnet 6g/day for 5–14 consecutive days and adjusted 
the immunosuppression. Recipients treated with foscarnet 
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were given 1000 milliliters per day of adequate hydration 
and were monitored with daily serum creatinine and urine 
volume closely to prevent foscarnet-associated acute kid
ney injury.

Induction and Maintenance 
Immunosuppression
At our center, induction regimens include rabbit anti- 
thymocyte globulin (ATG, 1 mg/kg/day and a maximum 
of 5 doses) or interleukin-2 receptor antagonist (basilixi
mab, 20 mg, at days 0 and 4). All patients received 
methylprednisolone 10 mg/kg/day on day 0, 1 and 2. 
Dosage of prednisone was slowly reduced from 60 to 
10 mg/d within one month after KT. Standard triple-drug 
maintenance immunosuppression consisted of prednisone, 
tacrolimus, and mycophenolate (EC-MPS or MMF).

Statistical Analysis
In this study, age, hemoglobin, reticulocytes percentage, 
serum creatinine, estimated glomerular filtration rate 
(eGFR), the doses of IVIG and foscarnet are described in 
the form of mean plus-minus standard deviation (mean±SD). 
The serum parvovirus B19 genome copy number and time of 
parvovirus B19 infection were described as median values 
with ranges. The copy number of parvovirus B19 genome is 
expressed by logarithm. Categorical variables are expressed 
as percentages. Reported P-values were two-sided, and 
P-values <0.05 were considered statistically significant. All 
analyses were performed using the GraphPad prism 8 soft
ware for Windows (Version 8.02).

Ethical Consideration
The study was approved by the first affiliated hospital of 
Zhejiang University Ethics Committee Board (Reference 
Number:20210212A), and all the involved activities were 
conformed the ethical guidelines of the Declaration of 
Helsinki. Kidney donations and transplants were also con
ducted in accordance with the Declaration of Istanbul. 
Before transplantations, all patients gave written informed 
consent to use their sample and data for medical research. 
Individual informed consent for this observational study 
was obtained before foscarnet therapy. Deceased donor 
kidneys in this study were procured from donation after 
the citizens’ death in accordance with the guidelines of the 
National Program for Deceased Organ Donation in China. 
There is a kinship in all living donor and the 

corresponding recipients. All donations were voluntary, 
unpaid and no organs were obtained from prisoners.

Result
Baseline Characteristics
From January 2011 to December 2019, we performed 
3328 renal transplantations at our center. Over 9-year 
period, 68 patients were identified with human parvovirus 
B19 infection. According to the exclusion criteria, 10 
recipients were excluded in this study and only 50 patients 
fulfilled the included criteria for PRCA (Figure 1). For the 
first-onset of PVB19-PRCA, 45 patients received IVIG 
therapy, 5 patients received foscarnet therapy, respectively. 
In the course of treatment, we switched from IVIG to 
foscarnet treatment in 6 patients who had 1 or more 
relapses after several courses of IVIG therapy. We further 
evaluated the therapeutic effect and safety of foscarnet 
therapy in a total of 11 patients.

For 50 included patients, the demographic, clinical 
characteristic, treatment and outcomes are described in 
Table 1. The mean age was 34.7±10.4 years, and 31 
(62%) were living donor KTR; 41 patients received induc
tion therapy, 34 (83%) with basiliximab and 7 (17%) with 
anti-human T lymphocyte rabbit immunoglobulin (ATG). 
All patients received triple immunosuppression (IS) regi
mens with prednisone, tacrolimus, and mycophenolate 
mofetil. The median time to PVB19-PRCA after KT was 
34.5 days (ranging from 7 to 666 days). Forty-six patients 
developed PVB19 infection within 3 months after trans
plantation, but 1 patient had a late-onset (666 days after 
KT) infection.

Clinical Feature
All patients presented variable degrees of refractory 
anemia, and the mean hemoglobin of 50 patients was 
112.8±14.8 g/L before KT, 79.8 g±12.6g/L at the time 
of PVB19-PRCA was identified. In the process of infec
tion, the lowest value of hemoglobin was 62.4±13.0 g/L. 
All patients had a low reticulocyte percentage (<0.5%). 
Thirty-three recipients underwent a bone marrow exam
ination, 19 (57.6%) demonstrated PRCA. The median 
serum genome copy number of parvovirus B19 at diag
nosis was 9.6 log10 copies per milliliter (ranging from 
7.6 log10 to 10.8 log10 per milliliter). No patients 
showed up with skin, joint, liver, cardiac or neurological 
involvement.
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Treatment
Forty-five patients received IVIG therapy and 5 patients 
received foscarnet therapy for the first-onset of PVB19- 
PRCA. At the time of PRCA, the mean tacrolimus trough 
levels were 6.47 ng/mL, 6.55 ng/mL in IVIG group and 
foscarnet group, respectively. And the median daily doses 
for MMF were 1000 mg, and for EC-MPS, it was 720 mg in 
both groups. Forty-four patients (88%) were switched from 
tacrolimus to cyclosporine. And the IS regimens were 
decreased in all patients upon diagnosis of the disease. 
Seventeen patients required blood transfusion with an aver
age of 2.3 (range,1–6) packed red blood cells per patient. In 
summary, for the first course, 45 patients received IVIG at 
a mean of 2.8±1.3 g/kg for 8.0±2.4 days (ranging from 3 to 
16 days) and 5 patients received foscarnet therapy at a mean 
of 1.0±0.2g/kg for 9.6±3.2 days (ranging from 7 to 14 days).

Outcome
Forty-five patients received IVIG for the first-onset of 
PVB19-PRCA, and they all had a good response to the 
treatment. However, 5 patients developed one relapse fol
lowing the administration of IVIG therapy, 3 patients 
recurred two times, 2 patients recurred three times and 
35 patients did not relapse. There were 6 recipients 
switched from IVIG to foscarnet therapy due to relapses 

of IVIG. Hence, a total of 11 patients were treated with 
foscarnet therapy, and detailed information is shown in 
Table 2. Ten patients responded well to the foscarnet 
treatment and maintained no recurrence. However, 1 
patient had a poor response to foscarnet therapy. 
Eventually, following additional 2 courses of IVIG, the 
patient’s condition was well controlled. Except for this 
patient, the mean hemoglobin level gradually increased 
from 68.5±9.3 g/L to 73.2±8.8 g/L, and the lowest mean 
hemoglobin value was 56.5±8.2g/L during foscarnet ther
apy (Figure 2). The mean percentage of reticulocytes 
steadily increased from 0.1±0.0% to 7.6±2.9% 
(Figure 3). The median serum genome copy number of 
parvovirus B19 decreased from 9.8 log10 to 5.8 log10 

copies per milliliter. 1 month and 3 months after foscarnet 
therapy, the mean hemoglobin was 112.5±8.8 g/L,125.2 
±9.0 g/L, respectively. Before the foscarnet therapy, Scr 
were at a mean of 122.9±29.5μmol/L, and the estimated 
glomerular filtration rate (eGFR) was at a mean of 57.7 
±11.4 mL/min/1.73m2 in 11 patients. Accordingly, the Scr 
were 133.5±35.9 μmol/l and the eGFR were 56.1 
±14.8 mL/min/1.73m2 respectively after the end of foscar
net therapy. There were no significant differences (P=0.61, 
0.60) in serum creatinine and eGFR before and after 
foscarnet treatment. Foscarnet is well tolerated without 
the development of any severe side effects in all patients. 

Figure 1 Final diagnosis of 68 patients for PVB19 infection between 2011 to 2019. 
Abbreviations: PVB19-PRCA, parvovirus B19-associated pure red cell aplasia; IVIG, intravenous immunoglobulin.
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During follow-up, unfortunately 1 patient died of pulmon
ary infection and meningitis 8 months after kidney trans
plantation but with good allograft function and other 10 
patients remain alive. The median follow-up durations 
were 19.5 months (ranging from 13 to 114 months) in 10 
recipients. Follow-up date for blood B19 DNA PCR was 
obtained for 8 patients and only one patient turned into 
negative within 10 months after transplantation. Seven 
patients had low-level-viremia and no clinical manifesta
tions of parvovirus B19 infection during follow-up 
(Figure 4). At the latest follow-up, the mean hemoglobin 
was 131.5±12.5 g/L and the hemoglobin correction 
occured in all patients (Table 3).

Discussion
We retrospectively reviewed the data for a series of 50 
patients with PVB19-PRCA at our center over a 9-year 
period. From the literature, the total incidence of parvo
virus B19 DNA positive in renal transplant patients is 
estimated at 10.3% and PVB19-PRCA occurred in only 
3% renal transplantation recipient.10 Since parvovirus B19 

Table 1 Demographic, Clinical Characteristic, Treatment and 
Outcomes of 50 Patients Who Were Confirmed PVB19-PRCA

No. of Patients 50

Age, y, mean±SD 34.7±10.4

Male 34 (68%)

Type of KT
DD 19 (38%)

LD 31 (62%)

Dialysis before KT 44 (88%)

HD 28

PD 15
HD+PD 1

Induction immunosuppression 41 (82%)
ATG 7

Basiliximab 34

Underlying disorder
CGN 37

IgAN 4
Polycystic kidney 3

Hypertensive nephropathy 2

FSGS 1
Obstructive nephropathy 1

Purpura nephritis 1

Alport syndrome 1

HLA mismatch
0–3/6 42 (84%)
4–6/6 8 (16%)

PRA+ 3
I + 3

The median time to the onset after 
Kidney transplantations, d

34.5

Month of occurrence
1–3 7

4–6 22

7–9 11
10–12 10

The median serum genome copy 
number of parvovirus B19, Copies/mL

4.1×10^9 
(3.9×10^7– 

6.8×10^10)

Hemoglobin, g/L, mean±SD
Hb before KT 112.8±14.8

Hb at diagnosis 79.8±12.6
Hb at lowest value 62.4±13.0

(Continued)

Table 1 (Continued). 

No. of Patients 50

Treatment
Patients with IVIG for first-onset, No. 45

IVIG first does, g/kg, mean±SD 2.8±1.3
IVIG duration, d, mean±SD 8.0±2.4

Patients with foscarnet for first-onset, No. 5

Foscarnet dose, g/kg, mean±SD 1.0±0.2
Foscarnet duration, d, mean±SD 9.6±3.2

Switch (Tacro to Cyclo) 44 (88%)

Requiring blood transfusion 17/50 (34%)

Outcomes
Effective in IVIG, NO. 45/45 (100%)
Recurrence in IVIG, NO. 10/45 (22.2%)

1 relapse 5

2 relapses 3
3 relapses 2

Effective in foscarnet, NO. 4/5 (80%)

Recurrence in foscarnet, NO. 0

Abbreviations: Y, year; d, days; Hb, hemoglobin; DD, deceased donor; LD, living 
donor; KT, kidney transplantation; HD, Hemodialysis; PD, peritoneal dialysis; CGN, 
Chronic glomerulonephritis; IgAN, Immunoglobulin A nephropathy; FSGS, focal 
segmental glomerulosclerosis; HLA, human leukocyte antigen; Tacro, tacrolimus; 
Cyclo, cyclosporine; PRA+, panel reactive antibody positive.
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Figure 2 The change trend of hemoglobin in 11 patients treated with foscarnet therapy.

Figure 3 The change trend of percentage of reticulocytes in 11 patients treated with foscarnet therapy.
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DNA detections were routinely carried out in KTR 
after year of 2015, the overall incidence of PVB19- 
PRCA over 5-year period (year of 2015 to 2019) at our 

center was up to 2.3% (48/2113). Approximately 70% of 
PVB19-PRCA occurred within the first three months after 
kidney transplantations and the median time of parvovirus 

Figure 4 The change trend of serum genome copy number of parvovirus B19 in 7 patients effectively treated with foscarnet therapy.

Table 3 The Clinical Characteristics of 10 Patients with Foscarnet Therapy Effectively for PVB19-PRCA

Before Foscarnet Treatment After Foscarnet Treatment

Hemoglobin, g/L 68.5±9.3 73.2±8.8

Percentage of reticulocytes, % 0.1±0.0 7.6±2.9

Serum genome copy number of parvovirus B19, copies/mL 6.5*10^9 1.3*10^6

Scr, μmol/L 122.9±29.5 133.5±35.9

P value 0.61

eGFR, mL/min 57.7±11.4 56.1±14.8

P value 0.60

Hb at 1 month after foscarnet treatment, g/L 112.5±8.8
Hb at 3 months after foscarnet treatment, g/L 125.2±9.0

Hb at the latest follow-up, g/L 131.5±12.5
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B19 infection was 1.25–2 months after KT.11–13 In our 
study, 46 (92%) recipients occurred PVB19-PRCA within 
first three months and the median time of diagnosis was 
34.5 days, both of which were in good agreement with 
literature reports. Infections occur throughout the year, but 
especially in late winter to early summer.14 Interestingly, 
there are a large number of cases occur from April to June 
in our cases, which is also in accordance with the 
literature.

PVB19-PRCA can be diagnosed by the direct detection 
with a viral DNA PCR test or bone marrow examination, 
especially in recipients who presented progressive anemia, 
reticulocytopenia, and do not respond well to 
erythropoietin.15 In our study, all patients had typical 
clinical manifestations as well as the result of viral detec
tion were positive. In PRCA, bone-marrow examination 
shows giant pronormoblasts or the absence of erythroid 
precursors. However, it was performed in 33 patients, only 
19 cases demonstrated PRCA. One of the explanations for 
the low incidence of PRCA bone marrow evidence is 
probably the related to the operation time and quality of 
bone marrow materials.

From the literature reviewed, so far, the therapy 
options for PVB19-PRCA include any or all of the follow
ing: administration of IVIG, decreased immunosuppres
sion regimen to improve recipient’s immune system, 
conservative therapy, including red-cell transfusion, ery
thropoietin or surveillance.14 IVIG containing antiparvo
virus antibodies has been widely used and appears to be 
beneficial in a substantial number of kidney recipients with 
pure red cell aplasia related to human parvovirus B19 
infection. However, the optimal duration and dosing regi
men of IVIG therapy for parvovirus B19 infection have 
yet to be established. The effective dose of IVIG for most 
patients with up to 2.3±1.3g/kg per course. Unfortunately, 
the recurrence rate of IVIG in a heterogeneous population 
is up to 33%.8 In our cases, the mean dose of IVIG was 2.8 
±1.3g/kg in 45 patients for the first-onset of PVB19- 
PRCA. Among them, 10 of 45 (22.2%) patients had 
relapse with varying number of times and then were 
given IVIG again after recurrence, including 5 patients 
presented only 1 relapse and 5 patients developed 2 or 
more relapses. Furthermore, IVIG has potential toxicity 
and its cost is rather high, especially for patients with 
multiple relapses. The common side effects of IVIG treat
ment include fever, shivering, fatigue, headache, nausea, 
vomiting, myalgia, hypertension and renal failure.16,17 

Based on this background, we attempted to practice 

foscarnet therapy as an exploratory treatment in 6 patients 
with a good allograft function (eGFR >45mL/min) but 
relapse after IVIG therapy. To our satisfaction, the out
comes were not bad. Therefore, the therapeutic effect and 
safety were observed in 5 patients treated with foscarnet 
for the first-onset of PVB19-PRCA. Although limited to 
11 cases, to the best of our knowledge, this is the first 
reported series in the treatment of parvovirus B19 infec
tion with foscarnet therapy. Nowadays, there are no spe
cific antiviral drugs for the treatment of parvovirus B19 
infection and the B19 vaccine project is not available.14

Foscarnet as a broad-spectrum and second-line anti
viral drug, which is mainly used in the treatment of ganci
clovir-resistant cytomegalovirus (CMV) infection in renal 
transplant recipient. As an analog of pyrophosphate, fos
carnet can inhibit the DNA chains from extending further 
by reversibly and selectively blocking the binding site of 
the viral DNA polymerase enzyme. In our study of parvo
virus as a single-stranded linear DNA virus, we make use 
of this feature to attempt the use of foscarnet therapy in 
KTR with PVB19-PRCA. The most important adverse 
effect of foscarnet is nephrotoxicity, but the renal function 
and pathological changes are reversible, as long as the 
fibrosis is not serious and the patient receives enough 
hydration.18 We selected patients with good allograft func
tion (the eGFR >45mL/min/1.73m2) to be treated with 
foscarnet therapy and given 1000 mL per day adequate 
hydration. Iwami et al reported that a renal transplant 
patient with ganciclovir-resistant cytomegalovirus infec
tion was treated successfully with foscarnet. 
Nevertheless, after a period of time, kidney allograft 
biopsy revealed crystal deposition in the tubules, suggest
ing tubulointerstitial damage perhaps caused by foscarnet. 
However, allograft damage recovered spontaneously after 
foscarnet discontinuation.19 This illustrates that foscarnet 
is relatively safe in renal recipients with good allograft 
function, but it is necessary to closely observe the changes 
of renal function.

Overall, we have got satisfying result of foscarnet 
therapy for PVB19-PRCA in KTR. In our study, clinical 
observation showed that the effective rate of IVIG 
reached 100% but the recurrence rate was 22.2% (10/ 
45). In foscarnet therapy, the effective rate was 90.9% 
(10/11) and there was no recurrence. Although these 
results suggest that the foscarnet therapy had almost no 
relapse once it works, they remain inconclusive due to the 
low number of patients. It is regrettable that 1 patient had 
a poor response to foscarnet therapy and her percentage of 
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reticulocytes was 0.2% after treatment. Except for this 
patient, we can observe in other 10 patients that there is 
a significant improvement in hemoglobin and no signifi
cant deterioration in allograft function after foscarnet 
therapy (Table 3), indicating that foscarnet is effective 
and relatively safe in these patients and can be used as 
an alternative therapy in addition to IVIG therapy. During 
follow-up, 10 patients did not show clinical or laboratory 
signs of PVB19 infection with a good outcome in terms of 
both renal function and graft survival except for 1 patient 
who died of pulmonary infection and meningitis. 
Parvovirus B19 DNA can be detected at low-grade levels 
in the peripheral blood of normal hosts within months or 
even years after primary infection and remission of 
symptoms.20–22 In our cases, only 1 patient was parvo
virus B19 viremia negative, and the rest had ongoing 
viremia, which shows that our goal is to improve reticu
locytes and hematocrit rather than generate a negative 
result of PVB19 DNA.

Several limitations of our study are worth declaring. 
First, the present study was limited by its small number 
cases and retrospective design. Another limitation was that 
there was no periodic detection of PVB19 quantitative 
PCR during follow-up to evaluate virologic behavior and 
the extermination of viremia after the improvement of 
hemoglobin and reticulocytes. However, PVB19 DNA 
PCR at low level are allowed as long as there is no 
obvious drop in reticulocyte count and hematocrit. 
Lastly, some patients received blood transfusion owing to 
low hemoglobin levels, which can influence the assess
ment of efficacy of foscarnet to some extent.

In conclusion, foscarnet therapy seems to be effective 
and safe in KTR with PVB19-PRCA. Furthermore, fos
carnet does not appear to be worse than IVIG. Therefore, 
we proposed that foscarnet may be an alternative therapy 
for PVB19-PRCA in KTR with good allograft function in 
addition to IVIG therapy. Broader, prospective, multicen
ter studies are needed to better define the optimal schedule 
of foscarnet treatment for kidney transplant recipients.
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