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Parvovirus B19 infection as a cause of anemia in Kidney Transplant Recipients

Abstract
Parvovirus B19 infection occurs only in humans. The infection is self-limiting in immunocompetent healthy individuals who are able to mount an adequate humoral response. The antibodies IgM and IgG are produced in response to the infection help in clearing away the virus. The infection is transmitted through respiratory droplets, blood products, and from mother to child (vertical transmission). It causes diseases including erythema infectiosum or fifth disease (usually in children), polyarthropathy (in adults), aplastic crisis in patients who either have reduced erythrocyte production (example iron deficiency) or increased RBC destruction (example sickle cell disease). In immunosuppressed or immunocompromised patients, it can cause pure red cell aplasia or chronic anemia. Anemia in kidney transplant patients is common and could be multifactorial. Iron deficiency, effect of immunosuppressive medications, inadequate erythropoietin, and viral infections including (but not limited to) parvovirus B19, cytomegalovirus, and BK polyoma virus can result in chronic anemia. Parvovirus B19 is not a common cause of anemia in kidney transplant patients making it necessary to be vigilant of this infection as a cause of anemia. If a kidney transplant recipient has unexplained anemia, testing of the viruses including parvovirus B19 infection that could cause anemia in these patients could help in early diagnosis and early treatment. Due to immunosuppressive medications used by the kidney transplant patients, they are in immunosuppressed state and are unable to mount an adequate humoral response. So, tests to detect IgM or IgG antibodies (serological tests) against parvovirus B19 may not be helpful in detecting the virus. Antigen detection methods are preferable, PCR (polymerase chain reaction) being the test of choice to detect parvovirus B19 infection. The treatment of parvovirus related anemia in kidney transplant recipients involves reduction of immunosuppression and/or immunoglobulin therapy (IVIg). The published studies show that a sequential reduction of immunosuppression is followed in clinical practice, with careful monitoring. The commonly used IVIg treatment involves IVIg 400mg/kg/day for 5-10 days or 1 gram/kg/day for 2-3 days. The authors have described the pathogenesis, diagnostic methods, and treatment of parvovirus related anemia in kidney transplant patients in this review.
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Introduction
Yvonne Edna Cossart (1934-2014), an Australian virologist, et al discovered Parvovirus B19 in 1974 in England in serum samples of healthy blood donors while they were evaluating these samples for hepatitis B virus surface antigen (1,2,3,4). 
The virus has single stranded linear DNA that encodes three main proteins: one nonstructural protein (NS1), and two capsid proteins VP1 and VP2 (1,5,6,7, 8). The virus is 25 nanometer in diameter (8). 
Parvovirus B19 infection is known to occur only in humans (1,5,6). The parvovirus B 19 infection is found worldwide and is common (1,5). In children, the prevalence of IgG antibodies against parvovirus B19 is found to be 2-15% in 1-5 years of old children and 15-60% in children 6-19 years of age (1,35). It is found positive in 30-60% of adults, and 85% in old age (1). The presence of IgG antibody signifies an infection in the past (8). The presence of antibody is common in general population, but presence of viremia or presence of viral DNA is rare (1). 
There is a seasonal variation observed, with the infection more common in late winter and early spring. Additionally, the infection with parvovirus B19 may rise to epidemic proportions every 3-4 years (1, ).
This virus is transmitted through respiratory secretions, blood products and from mother to fetus (vertical transmission) (1,5,9,10). 
The virus infects the respiratory tract cells and multiplies inside them. Ultimately the infected cells lyse and release the mature virions that cause viremia. The human body mounts a humoral (antibody) response: IgM antibodies against the virus appear about 10-12 days after the infection, and IgG antibodies appear after about 2 weeks after the infection (1). The IgM antibodies persist for about 3 months but may persist longer. IgG antibodies are presumed to persist life-long (1).
The parvovirus B19 binds to P antigen (glycolipid globoside) that is expressed on erythroid progenitors (1,9). The P antigen is required for the tropism of parvovirus B19, but this antigen is not sufficient in itself: there could be other factors influencing the tropism besides the P antigen (1). The rationale for this belief is that the P antigen is also present in megakaryocytes, endothelial cells, and fetal myocytes but these cells are not permissive to parvovirus B19 (1,11).
Individuals lacking the P antigen (the p phenotype blood group that lacks the P antigen is observed in 1 per 200,000 people), have a natural immunity to parvovirus B19 infection (1,2,9,11). 
Parvovirus B19 is extremely resistant to various agents including high temperature and lipid solvents (2,9). It retains its capacity to infect even after treatment with heat inactivation or solvent detergents (2).  Formalin, gamma irradiation, and oxidizing agents successfully inactivate the virus (9).
Manifestations of parvovirus B19 infection
The manifestations of the infection differ in individuals depending on their hematologic and immunocompetent status (6). In healthy individuals with a competent immune system, it can cause fifth disease, erythema infectiosum, or slapped cheek syndrome (mostly in children) and acute symmetrical polyarthropathy in adults (1,2,5,6). This virus has tropism towards erythroid progenitor cells and so infection in people with an underlying hematologic disorder like sickle cell anemia can cause transient aplastic crisis (TAC) (1,5,6,12). Immunocompetent individuals are able to clear away the virus, but the virus persists in immunocompromised patients including those who are on immunosuppression like kidney transplant recipients. The persistent parvovirus B19 infection in these immunocompromised patients can cause pure red cell aplasia and chronic anemia (1,2,5,6,11,12,13). Besides anemia, Parvovirus B19 infection can also cause leucopenia and thrombocytopenia (13,14,15).
Parvovirus B19 infection can also cause liver and kidney (allograft) damage in kidney transplant recipients (16). The virus can cause liver injury including elevated liver enzymes, acute and chronic hepatitis, and fulminant hepatic failure through direct cytopathic effects and indirect immunological effects (16). 
In fetus, the immune system is immature making them susceptible and the infection in fetus can cause hydrops fetalis, fetal death, and spontaneous abortions (1,5,6,11). 
Causes of Anemia in Kidney Transplantation
As per the estimates, about 90 percent of the kidney transplant recipients have anemia in the first month post-transplant (13). This improves subsequently if the allograft (the transplanted kidney) function is normal (13). Persistent anemia in kidney transplant population could be due to multiple factors including (but not limited to) deficiency of iron, the transplanted kidney (graft) dysfunction, erythropoietin deficiency, and viral infections (including cytomegalovirus, BK polyoma virus, Epstein Barr virus, and parvovirus B19) (13,17,18,19,20). The donor kidneys (grafts) could also be a source of parvovirus B19 infection in kidney transplant recipients (21,22).
Parvovirus B19 as a cause of anemia in Kidney Transplant Recipients
Parvovirus B19 is a known cause of anemia in kidney transplant recipients (22). Singh V, et al conducted a retrospective study of 714 kidney transplant recipients in a single tertiary care center in North India between Jan 2011 to January 2023 (13). In this study, six females and one male patient out of the 714 kidney transplant recipients developed parvovirus B19 related anemia (13). In this study, the incidence proportion (risk) of developing parvovirus related anemia post kidney transplantation was 0.98% (13). The incidence rate was found to be 5.43 cases per 1000 patient years (cumulative follow up was 1287 patient-years )(13). To understand more about incidence rate and incidence proportion (risk), see table 1. The authors found that study, then from transplant to development of anemia was 4 – 40 weeks, the median duration being 6 weeks.  Thrombocytopenia and leukopenia were noticed in 28.6% and 57.1% of the patients respectively (13). Three of these patients responded to reduction in immunosuppression. The reduction of immunosuppression included sequential reduction of anti-proliferative agents (mycophenolate mofetil, azathioprine). Reduction in immunosuppression helps in recovery of the patient’s immune system that helps in fighting and neutralizing the virus (13). The other four who didn’t respond to the reduction in immunosuppression needed intravenous low dose immunoglobulin (13).  The low dose IVIg therapy dose was 0.2 g/kg/dose administered on alternate days (13). The investigators used the low dose IVIg therapy because of cost constraints (13). Majority of the practitioners use IVIg 400mg/kg/day for 5-10 days or 1 gram/kg/day for 2-3 days (1,13). The authors found that low dose immunoglobin therapy was cheaper and more affordable, gave a good response and reduced the risk of IVIg induced osmotic injury to the renal allograft (13). The time required for a sustained rise in hemoglobin after initiating the therapy was 7.71 +/- 2.62 weeks in this study (13).
Table 1:  Incidence rate and incidence proportion (risk)
	Measures of Risk
	Discussion
	Equation
	Example

	Incidence Rate (23)
	Incidence rate is number of new cases that occur in a specific population in a defined time-period (23).
	Number of new cases/(total population at risk X time period) 

OR

Number of new cases/patient-years
	Example 1: New cases of depression = 5.
In population: 1050 people.
Time period of the observation: 5 years

Incidence rate = 5/(1050 x 5)
= 0.95 per 1000 people years.
This means that if 1000 people are observed for 1 year, there is a risk of 0.95 (approximately 1) person getting affected by depression.

Example 2: the parvovirus related anemia in the study by Singh V et al study (13):
Number of new cases = 7
Patient-years provided = 1287
Putting these values in the equation:
Incidence rate =7/1287
= 0.0054 cases per patient-year or 5.4 cases per 1000 patient-years.
This means that if 1000 kidney transplant recipients are observed for a period of 1 year, we can expect parvovirus associated anemia in 5.4 patients.

	Incidence Proportion (Risk)
	Incidence proportion is the proportion of a specified population that experiences the event (disease, injury, or death) (24)
	Number of new cases during a specified period/ Number of people or population size being studied from start of the study (24)
	In a population of 500 people, 2 people died in 1 year.
Incidence proportion (risk) = 2/500 = 0.004 or 0.4%.
This means the risk of death in 1 year is 0.4 percent.



High index of suspicion, early diagnosis and treatment are key parameters to manage parvovirus B19 virus related anemia in kidney transplant patients (13). Regular or routine testing for parvovirus in kidney transplant recipients is not advised (13). The testing should be done when these patients have persistent and unexplained anemia (13).
Barzon et al in their study of 75 pediatric kidney transplants found that about 30% of the graft kidney biopsy samples, preservation solutions and washings solutions were positive for parvovirus B19 DNA (21). These authors found that the kidney transplant recipients with seronegative parvovirus B19 status prior to transplantation and positive parvovirus B19 DNA in the transplanted kidney (the graft) had a significantly higher risk of parvovirus B19 infection post transplantation as compared to those seronegative recipients who had the donor kidney negative for parvovirus B19 DNA (21). Other investigators have also had similar observations in their studies (25).
Russcher A, et al screened 134 kidney transplantation recipients from Leiden University Medical Center for parvovirus B19 DNA from their blood samples between 30-90 days post transplantation (26). Qualitative B19V PCR was used to detect the parvovirus B19 DNA in the samples (26). If the test was positive, additional tests including quantitative parvovirus B19 DNA test on the donor and recipient blood samples were done (26). Blood samples from two of the 134 kidney transplantation recipients showed presence of parvovirus B19 DNA. Both these patients had received live-related kidney transplantation. The first of these two patients had positive IgG antibodies against parvovirus B19 and negative parvovirus B19 DNA in blood before transplantation. The donor kidney for this patient was found to be positive for parvovirus B19 DNA. Post transplantation, this patient tested positive for parvovirus B19 DNA in the blood for more than 10 months. Anemia was noted for 4 months post-transplantation with lowest hemoglobin level of 8 gm/dl. The anemia recovered without any treatment. This patient developed concomitant BK polyoma virus nephropathy, so  the immunosuppression was reduced and tacrolimus temporarily withheld. The reduction of immunosuppression did not lead to clearing away the parvovirus B19 DNAemia. No IVIg was given to this patient for treating parvovirus B19. Russcher et al believe that this anemia was not due to parvovirus B19. The second patient was also parvovirus B19 IgG positive and parvovirus B19 DNA negative prior to kidney transplantation. The kidney biopsy of the donor-kidney showed weak-positive parvovirus B19 DNA. This patient showed no sign of parvovirus B19 infection post kidney transplantation and remained parvovirus B19 IgM and IgG negative. Immunosuppressive regimen was moderated in this patient too due to BK nephropathy. The hemoglobin level in this patient remained stable around 13 g/dl in the months after the transplantation (26). The authors (Russcher A, et al) believed that the source of parvovirus B19 DNA in these two patients was the donor kidneys. The authors further state that the parvovirus B19 DNAemia is not necessarily associated with active infection. The origin and nature of the parvovirus B19 DNAemia should be carefully considered before making treatment decisions (8,26).
Diagnosis
The infection can result in decrease in reticulocyte count to non-detectable level (1,5). Transient drop in hemoglobin by 1g/dl in people with competent immune function, lymphopenia, neutropenia, and thrombocytopenia may occur (1). 
In otherwise healthy individuals, parvovirus B19 infection may cause transient subclinical erythroid aplasia that is self-limiting in nature (1). In patients with hematological diseases that result in decreased production (example iron deficiency anemia) or increased destruction of red blood cells (example sickle cell anemia), parvovirus B19 infection may cause a severe fall in hemoglobin resulting in aplastic crisis (1,5). The immunocompromised individuals (like those on immunosuppression medications) may not be able to mount an adequate antibody response against the virus and consequently may not be able to eliminate the virus. This results in chronic viremia, and resultant chronic anemia (1,5).
Cytopathology
Infection of erythroid progenitor cells with parvovirus B19 results in giant pronormoblasts (also called lantern cells). These giant pronormoblasts are early erythroid cells about 25 to 32 microns in diameter, large eosinophilic nuclear inclusion bodies, cytoplasmic vacuolization, and occasional ‘dog ear’ projections (1,9,12). These pronormoblasts were first described by Owren in 1948 (9). On electron microscopy, these cells show pseudopod formation, marginated chromatin, and virus particles in the nucleus (1,9,12). Though helpful in diagnosis, cytopathology alone is not sufficient to make a diagnosis as the giant pronormoblasts may be absent in some chronic infections including human immunodeficiency virus (HIV) infection (1). 
Detection of viral antigens and antibodies
Detection of viral antigens or antibodies against the virus are required (9). The parvovirus B19 DNA can be found in blood, and several tissues including liver, lung, bone marrow, kidneys (8). The viral antigen can be detected by electron microscopy, B19 antigen ELISA or enzyme linked immunosorbent assay, hemagglutination (9,10). However, the preferred method to detect the antigen is polymerase chain reaction (PCR) (9). 
The serological tests (parvovirus B19 IgM and IgG) are helpful in diagnosis parvovirus B19 infection in immunocompetent individuals (13,15). However, kidney transplant patients who receive immunosuppression may not be able to mount an adequate antibody response to the infection resulting in potential failure of serological tests to diagnose the infection (8,9,13). In these immunosuppressed patients (patients with compromised immune function), PCR is preferred over serological tests (13). Additionally, whole blood samples for PCR give a better yield in diagnosis parvovirus B19 infection compared to serum or plasma because whole blood sample allows for the detection of both cell-free circulating viruses and leucocyte-associated viruses (13).
Sometimes, bone marrow biopsy may be required when clinical suspicion is high. The bone marrow biopsy demonstrates red blood cells maturation arrest in parvovirus infection affecting the erythroid progenitor cells (7,9).
Management
Treatment: 
Early diagnosis and prompt treatment with reduction of immunosuppression with or without immunoglobulin (IVIg) therapy helps in eliminating the virus and treating the anemia (7,13,20,22,27,28,29,30). There is no specific antiviral therapy available for parvovirus B19 infection (8,13,31). There is no vaccine at present against parvovirus infection. IVIg dose of 400mg/kg/day for 5-10 days or 1 gram/kg/day for 2-3 days is commonly used, though a study from a single center points out that low dose IVIg could give good results (1,2,8,13,20,28). Further studies (clinical trials or observational studies) are needed to determine whether low dose IVIg therapy is helpful in treatment of parvovirus infection related anemia in kidney transplant recipients. 
Screening
Considering the cost effectiveness of routine screening of parvovirus B19 in kidney transplant recipients and donor is not routinely recommended (8,13). 
Parvovirus B19 virus infection in kidney transplant recipients can occur from the donor kidneys as well. Yu, et al noted in their study that the incidence of donor-derived B19V infection was 0.4% in live-donor kidneys and 1.5% in deceased-donor kidneys used for the kidney transplantations. The authors (Yu, et al) state that routine screening of parvovirus B19 virus in the donors does not seem to be necessary (32).
Prevention
There is no specific prevention strategy to prevent parvovirus B19 infection in kidney transplant recipients (8).  Parvovirus B19 is generally transmitted through droplets and contaminated surfaces (31). In domestic settings, the recommended preventive measures include adequate ventilation of rooms, thorough handwashing, physical distancing from an infected person, use of medical mask where physical distancing is not possible, and refraining from touching the nose, mouth, and face (31). In hospital settings, in addition to the above measures, the use of a “virucidal PLUS” disinfectant to clean surfaces in proximity to the patient, and use of gloves when taking care of an infected or a potentially infected patient are recommended (31,33). 
Conclusion
Parvovirus B19 infection can result in chronic anemia in kidney transplant recipients as they are on immunosuppression. The immunosuppression may result in inadequate humoral response to the parvovirus B19 virus infection, resulting in inability of the patient to eliminate the virus and the virus infection persists (34). The virus is tropic to erythroid progenitor cells, and results in chronic anemia.
Kidney transplant recipients can get parvovirus B19 virus infection from the donor kidneys as well. Yu, et al noted in their study that the incidence of donor-derived B19V infection was 0.4% in live-donor kidneys and 1.5% in deceased-donor kidneys used for the kidney transplantations. The authors state that routine screening of parvovirus B19 virus in the donors does not seem to be necessary (32).
As the kidney transplant patients are immunosuppressed, and are unable to mount an adequate humoral response, tests to detect IgM or IgG antibodies against parvovirus B19 may not be helpful in detecting the virus. Antigen detection methods are preferable, PCR being the test of choice to detect parvovirus B 19 infection. Early diagnosis and prompt treatment with reduction of immunosuppression with or without immunoglobulin (IVIg) therapy helps in eliminating the virus and treating the anemia (20,27,28,29).
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