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Brief Summary 

A cohort of antibody deficient patients were tested for active HEV infection. None of 245 patients were 

viraemic, however antigen-neutralising anti-HEV IgG was detected in patients sera and 

immunoglobulin products. Immunoglobulin replacement may protect these patients from persistent 

HEV infection. 
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Abbreviations 

ALT, alanine aminotransferase 

Anti-HEV IgM, IgM antibody to hepatitis E virus  

Anti-HEV IgG, IgG antibody to hepatitis E virus 

CLL, chronic lymphocytic leukaemia 

CVID, common variable immune deficiency 

ELISA, enzyme-linked immunosorbent assay 

G3, Genotype 3 

HEV, Hepatitis E virus 

HEV-Ag, Hepatitis E virus antigen 

HSCT, haematopoietic stem cell transplant 

HIV, human immunodeficiency virus 

IU, international units 

IQR, interquartile range 

IV, intravenous 

IVIG, intravenous immunoglobulin 

LLN, lower limit of normal 

MGUS, monoclonal gammopathy of uncertain significance 

ML, millilitre 

NHP, normal human plasma 

NHSBT, National Health Service Blood and Transplant 

NIBSC, National Institute for Biological Standards and Control 

NK cells, natural killer cells 

OD, optical density 
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ORF2, open reading frame 2 

PHE, Public Health England 

RNA, ribonucleic acid 

RTX, rituximab 

SC, subcutaneous 

SCIG, subcutaneous immunoglobulin 

ULN, upper limit of normal 

WHO, World Health Organisation 

XLA, X-linked agammaglobulinaemia 
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Abstract 

Background 

Persistent hepatitis E virus (HEV) infection is described in a number of immunosuppressive 

conditions. We aimed to determine the risk of persistent HEV infection in patients with primary or 

secondary antibody deficiency.  

Methods 

Two hundred and forty five antibody deficient patients on regular immunoglobulin replacement were 

tested for HEV RNA and anti-HEV IgG. Immunoglobulin products and plasma from nine antibody-

deficient patients pre- and post-IVIG, five recently treated patients with persistent HEV infection and 

five healthy patients recovered from acute HEV infection were analysed for anti-HEV IgG and for 

antibody reacting with HEV antigen (HEV-Ag).  

Results 

No antibody deficient patient had detectable plasma HEV RNA. Anti-HEV IgG was detected in 38.8% 

of patients. All ten immunoglobulin products tested contained anti-HEV capable of neutralising HEV-

Ag. Plasma samples following IVIG infusion demonstrated higher anti-HEV IgG and neutralising 

activity compared with pre-IVIG samples. Neutralising activity was similar to healthy patients with 

recent acute HEV infection. 

Conclusion 

The risk of persistent HEV infection in patients with antibody deficiency appears extremely low. This 

may be due to passive seroprotection afforded by the ubiquitous presence of anti-HEV in 

immunoglobulin replacement products. 

 

Keywords: hepatitis E virus, chronic infection, antibody deficiency, immunoglobulin, IVIG. 
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Background 

Hepatitis E virus (HEV) is a small, non-enveloped, single-stranded RNA virus comprising four major 

genotypes which infect humans [1]. Genotype 3 (G3) HEV infection is predominantly a foodborne 

zoonosis which has emerged as the leading cause of acute viral hepatitis in Western Europe 

[2].Transmission also occurs through substances of human origin including blood transfusion and 

organ transplantation [3-5]. Typically G3 HEV infections are self-limiting but can persist in the context 

of solid organ transplantation, HIV infection, haematological malignancy and auto-immune disease [6-

11]. Persistent HEV infection is frequently undiagnosed due to being pauci-symptomatic: the elevated 

liver enzymes associated with infection are often attributed to other conditions [12]. 

 

Antibody deficiency is characterised by low immunoglobulins or the functional failure of 

immunoglobulins. This may be caused by a primary immunodeficiency syndrome or secondary 

causes including haematological malignancy and medications [13]. Typically this manifests as 

recurrent infections with encapsulated bacteria but also with a range of viral, fungal or protozoan 

pathogens. For example, prolonged rhinovirus infections, severe hepatitis C virus and enterovirus 

infections are described in patients with primary antibody deficiency, whilst norovirus can lead to 

severe prolonged enteropathy in common variable immune deficiency (CVID) [14-17]. 

Immunoglobulin replacement therapy is generally recommended for serious immune deficiency (eg 

CVID or X-linked agammaglobulinaemia (XLA)), significantly low IgG (<4g/L), the presence of end-

organ disease (especially bronchiectasis) or if the patient is suffering recurrent bacterial infection 

despite antibiotic prophylaxis.  

 

Few studies have addressed the prevalence of persistent HEV infection in these patients. A study of 

73 patients with CVID in Germany in 2012 and more recently, a study of 27 patients with primary 

antibody deficiency and abnormal liver enzymes in the UK, found no evidence of persistent HEV 

infection [13, 18]. However the risk of HEV acquisition in Western Europe has risen in recent years 

[2].  
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Our aim was to determine whether there was evidence of persistent HEV infection in a cohort of 

patients with primary and secondary antibody deficiency on immunoglobulin replacement therapy at a 

large teaching hospital in London. We evaluated immunoglobulin products directly and a subset of 

patients pre- and post-IVIG infusion for measurable antibody to HEV including antibody reactive with 

HEV open reading frame 2 (ORF2) antigen. These samples were compared with plasma from 

patients in recovery from acute and persistent HEV infection. 
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Materials and Methods 

 

Patients and products 

For the cross-sectional testing, patients were eligible if they had a diagnosis of antibody deficiency 

requiring regular immunoglobulin replacement therapy under follow-up at the Royal Free Hospital, 

London, UK.  Fifty eight patients had stored plasma samples from a previous study in 2015, a further 

187 patients were prospectively recruited [19]. Pre- and post- immunoglobulin infusion analysis of 

HEV antibodies was undertaken in nine patients. Ten immunoglobulin products (and different batches 

for three products) were also analysed for HEV antibodies.  

 

For investigation of HEV-Ag neutralisation activity, plasma from five recovered acute HEV cases and 

five persistent HEV cases following viral clearance (range 11-23 weeks after plasma clearance) on 

ribavirin therapy were selected. All ten samples were reactive for anti-HEV IgM and IgG and negative 

for HEV RNA and HEV-Ag.  

 

Anti-HEV IgG data from blood donor samples archived prior to HEV infection from a previous study 

were used to define reactivity of plasma samples from persons known to be susceptible to HEV 

infection [3]. These were previously archived pre-infection samples from blood donors who 

subsequently developed HEV viraemia and seroconverted to anti-HEV IgG. 

 

Ethics 

All immunodeficiency patients recruited provided written informed consent (National Health Service 

[NHS] Research Ethics Committee reference 04/Q0501/119). Testing of plasma from patients with 

acute and persistent HEV infection utilised archived residual samples that were sent to the national 

reference laboratory for routine diagnostics with consent for the remainder of samples to be used in 
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other assays. All experiments were performed in accordance with the ‘Guidance on Conducting 

Research in Public Health England’ (Version 3, October 2015; Document code RD001A). 

 

 

 

Data collection 

Patient demographics (age and sex), underlying diagnosis, immunoglobulin product infused and date 

of most recent infusion, iatrogenic immunosuppression and blood results (liver biochemistry and 

immunology) were obtained from patient notes, research databases and the laboratory pathology 

results system. Liver biochemistry results were available for 99% of patients within two months of 

sampling and lymphocyte subsets were available for 84% of patients within six months of sampling. 

For patients with low CD4 counts (<0.35 x 10
9
/L), functional T-cell assays were reported when 

available.  

 

Statistical Analysis 

All statistics were performed in STATA/SE 13.1. Continuous data were compared using the Wilcoxon 

two-sample signed-rank test. Categorical data were compared using the Fisher’s exact or Chi-

squared test. Pre- and post-IVIG paired data were analysed using the Wilcoxon matched pairs test. 

Pearson’s correlation was used to assess the relationship between time since immunoglobulin 

infusion and anti-HEV IgG level. Multivariable logistic regression was used to investigate the 

relationship between predictor variables and anti-HEV IgG seropositivity. 

 

HEV RNA testing 

Nucleic acid was extracted from 200μl of a primary sample on the MagnaPure 96 automated 

extraction platform (Roche Diagnostics Ltd. Burgess Hill, UK; virus-specific cell-free protocol). HEV 
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RNA was detected using 10μl of extract in an internally controlled and validated quantitative HEV 

PCR (expressed in international units per ml; IU/ml) as previously described (limit of detection 22 

IU/ml) [20]. 

 

Anti-HEV IgG detection  

Anti-HEV IgG was detected using the Wantai IgG assay in accordance with the manufacturer’s 

recommendations (Fortress Diagnostics, Antrim, Northern Ireland, UK). Samples with a sample/cut-off 

ratio (S/CO) >1.1 were considered positive.  

Each immunoglobulin product and the plasma samples from cases of HEV infection were ascribed a 

World Health Organisation (WHO) unitage (IU/ml). Briefly, the WHO HEV antibody standard (NIBSC 

code: 95/584) was reconstituted (assigned unitage of 100 units per ml) and tested in parallel dilutions 

to generate a sigmoid curve. Products and plasma samples were diluted in a pool of normal human 

plasma (NHP) and ascribed a unitage based on the mean S/CO values on the linear portion of the 

sigmoid curve. All NHP constituents were tested for and found non-reactive for anti-HEV IgG. 

 

Quantification of HEV Antigen neutralisation 

Immunoglobulin products and patient samples including nine samples pre- and post-IVIG, five plasma 

samples from acute HEV cases and five from previously persistent HEV cases recently recovered 

after ribavirin therapy were tested for the presence of HEV-Ag neutralising antibodies using a recently 

published method [21]. Prior to testing, samples from patients with acute and persistent HEV infection 

were assigned a WHO unitage for anti-HEV reactivity and then diluted in NHP to have an equivalent 

level of anti-HEV IgG of between two and five WHO IU/ml. In brief, HEV-Ag neutralising reactivity was 

measured by incubating 30 microlitres of diluted supernatant fluid from tissue culture expressing 

ORF2 HEV-Ag (day 45 post-inoculation of HepG2/C3a cell line with G3 HEV-containing faecal 

sample) with 30μl of test sample (immunoglobulin product, patient plasma or NHP control) for one 

hour at room temperature. Residual HEV-Ag reactivity was measured (HEV-Ag ELISA, Fortress 

Diagnostics, Antrim, Northern Ireland, UK)[22]. HEV-Ag neutralising activity was determined as a 
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percentage of reduction in reactivity in the HEV-Ag assay when the tissue culture supernatant was 

incubated with the test sample in comparison to incubation with a non-neutralising control (NHP): 
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Results 

 

Clinical Characteristics of the Study Population  

The characteristics of the 245 patients tested for HEV RNA are presented in Table 1. The majority of 

patients (80.8%) had an underlying primary immunodeficiency syndrome and most (75.1%) were 

receiving intravenous immunoglobulin. Fifty seven patients were administered additional 

immunosuppressive medication (Table S1 supplementary material). Ninety patients had CD4+ T-cell 

counts below the normal range (<0.5 x 10
9
/L) whilst 108 patients had CD19+ B-cell counts below the 

normal range (<0.10 x 10
9
/L). Twenty three of 43 patients with significant CD4+ T-cell deficiency 

(<0.35 x 10
9
/L) had T-cell proliferation results available, of which 74% displayed significantly impaired 

proliferation to phytohaemagglutinin, 68% to CD3 and 44% to CD3/CD28 stimulation. Thirty nine 

patients (16%) had an abnormal alanine aminotransferase (ALT) value at the time of testing for HEV 

infection. 

 

HEV markers in antibody-deficiency patients  

HEV RNA was not detected in any plasma sample from the 245 patients, confirming that none were 

viraemic. Anti-HEV IgG was detected (S/CO >1.1) in the plasma from 38.8% of patients. However, the 

anti-HEV reactivity even in those samples considered negative by the ELISA manufacturers criteria 

had a significantly different distribution than the reactivity of samples from HEV known-susceptible 

blood donors (Figure 1).  

 

Factors associated with a patient being seropositive for anti-HEV IgG  

Comparison of serological reactivity of patients’ plasma revealed the type of immunoglobulin product 

administered was the only statistically significant factor predicting anti-HEV IgG seropositivity 

(p<0.001) (Table S2 supplementary material). Specifically the receipt of Kiovig 10%, Intratect 10% 

and Intratect 5% was significantly related to the detection of plasma anti-HEV IgG (S/CO >1.1). 
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Patients given Kiovig 10% and those given Intratect 5% were 24 times (95% CI 4.8-122.7) and 136 

times (95% CI 2.5-7501) more likely to have detectable plasma anti-HEV IgG when compared to 

patients who received Flebogamma DIF 5% (Table 2). No relationship was seen between the time 

since immunoglobulin infusion (in days) and the level of anti-HEV IgG detected in the patient’s plasma 

(Pearson’s correlation -0.1763, data not shown), even when products were analysed individually. 

However, the variability of timings was not wide; most patients (77.4%) had received their last dose of 

immunoglobulin within 20-30 days of testing.  Age, sex, underlying diagnosis, receipt of iatrogenic 

immunosuppression, route of immunoglobulin administration and patients’ lymphocyte subset results 

demonstrated no relationship with anti-HEV IgG seropositivity. 

 

All ten immunoglobulin products tested (8 IVIG and 2 SCIG) contained detectable anti-HEV IgG 

(range 0.12-7.40 WHO IU/ml) (Figure 2). There was some evidence of batch-to-batch variation in 

antibody titre, nevertheless all batches of Kiovig, Gamunex and Privigen were reactive for anti-HEV 

(Table S3 supplementary material). The likelihood of a patient being seropositive for anti-HEV IgG 

strongly correlated with the level of anti-HEV IgG in the product (p <0.001, Figure 2).  

 

HEV ORF2 antigen neutralising activity of patient plasma samples and immunoglobulin 

products  

All ten immunoglobulin products were also able to neutralise HEV-Ag expressed in tissue culture and 

prevent reactivity in the HEV-Ag assay. Antigen neutralising activity was detectable at a high level in 

half of the products tested even at a dilution of 1:20 (Figure 3). The extent of antigen neutralisation 

correlated with the anti-HEV IgG S/CO value (Figure S1 supplementary material). In all nine patients, 

tested before and after infusion, the levels of anti-HEV IgG detected were higher in post-infusion 

samples (pre-infusion median S/CO 0.90; post-infusion median S/CO 1.96, p=0.008) and correlated 

with higher antigen neutralising activity in eight of the nine patients (p=0.015) (Table 3). 
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Five plasma samples from acute HEV cases and five from persistent HEV cases recently recovered 

after ribavirin therapy were tested for anti-HEV IgG in a half-log dilution series alongside the WHO 

antibody reference. A dilution of each sample containing equivalent levels of anti-HEV IgG (between 2 

and 5 WHO IU/ml) was then tested for presence of HEV-Ag neutralising antibody. The antigen 

neutralising capability was significantly higher in the dilutions of the plasma samples from healthy 

patients recovered recently from acute HEV infection (median 81.5%, range 75.7-93.2%) compared 

with that seen in plasma from patients recovered from persistent HEV infection (median 31.1%, range 

25.4-45.8%) (p=0.009) (Figure 4). A direct comparison of antigen neutralising activity at the equivalent 

level of anti-HEV IgG in plasma from patients post-IVIG was not possible due to much lower anti-HEV 

in the latter (median S/CO 1.96, equivalent to ~0.2 WHO IU/ml). However, antigen neutralising activity 

was broadly similar between post-IVIG patient samples (median 91.0%, range 74.2-99.7%) and 

plasma from acute cases (median 81.5%, range 75.7-93.2%) despite much lower anti-HEV IgG 

detected in the same materials by ELISA. 

  

The source of anti-HEV affects the antigen neutralising capacity 
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Discussion 

We found no persistent HEV infections in a cohort of 245 patients with primary or secondary antibody 

deficiency, despite evidence of significant immunocompromise with low CD19+ B-cell counts (45% 

<0.10 x 10
9
/L) and CD4+ T-cell counts (37% <0.5 x 10

9
/L). Nearly a quarter were also taking 

immunosuppressive medication. This is a significant finding in the current context of a high risk of 

HEV acquisition from dietary sources in the UK and the longstanding immune dysfunction in patients 

with antibody deficiency which renders them susceptible to a number of persistent and severe viral 

infections [2, 14-17, 23-25]. The results are consistent with studies in similar cohorts, neither of which 

displayed any evidence of persistent HEV infection amongst 73 CVID patients in Germany or 27 

primary antibody deficient patients with deranged liver enzymes in the UK [13, 18]. Our study, which 

was larger and more heterogeneous, adds to the growing body of evidence that there is an extremely 

low risk of persistent HEV infection in these groups of patients. However, even larger studies may be 

required to detect a very small risk of HEV infection given that the prevalence of HEV viraemia in 

cohorts considered high risk for persistent HEV infection such as solid organ transplant recipients in 

Western Europe is low (0.7-1.5%) [26-30]. We tested for HEV RNA regardless of liver enzyme values 

because of the uncertainty of whether an abnormal ALT would be a sufficiently sensitive predictor of 

active HEV infection; at the time of HEV testing 16% of patients had abnormal ALT values.  

The reason for the absence of persistent HEV infection in these patients could be due to a number of 

factors. We detected anti-HEV IgG in a high proportion of patient’s plasma in this study (38.8%). 

Many plasma samples testing seronegative by the ELISA manufacturers’ criteria nevertheless had 

higher anti-HEV IgG optical density values compared with plasma from blood donors known to be 

susceptible to HEV infection. This suggests the presence of low levels of anti-HEV IgG in the patient 

samples but where the ELISA reactivity falls below the manufacturers’ defined cut-off. Detectable anti-

HEV IgG in plasma of antibody deficient patients could be the result of passive acquisition of 

antibodies from the immunoglobulin products, residual endogenous antibody production or a 

combination of the two. The most compelling explanation is passive acquisition of anti-HEV, 

supported by the correlation of patient plasma reactivity for anti-HEV IgG with both receipt of certain 

immunoglobulin products and the titre of anti-HEV IgG in those products. Rising titres of anti-HEV IgG 

observed post-IVIG in patients tested before and after infusion reinforce this assertion. 
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In this study we also demonstrate that patients’ plasma and immunoglobulin products were able to 

bind to HEV ORF2 Ag and prevent or reduce reactivity in the HEV-Ag assay, referred to as antigen 

neutralisation. This antigen neutralising activity also rose in post-IVIG infusion samples in the subset 

of patients tested concordantly with rises in anti-HEV IgG levels. Recent studies exploring different 

forms of ORF2 antigen suggest that the antigen neutralisation we are detecting may be directed 

predominantly against the abundant secreted form of ORF2 which is not virion-associated [31, 32]. 

Nevertheless, this secreted form of ORF2 is still considered to harbour the major neutralizing epitopes 

found on the capsid form of ORF2 [32, 33]. We postulate that the presence of pre-existing antigen 

neutralising antibodies circulating in their plasma may be sufficient to protect these patients from an 

enteric challenge of HEV and prevent early infection or the establishment of persistent infection. 

It is notable that we found that the source of anti-HEV IgG influences the antigen neutralising 

capacity. It is well documented that patients with persistent infection themselves produce anti-HEV 

antibodies without eliminating the virus, therefore we tested plasma from five acute HEV cases and 

five recovered persistent HEV cases for the ability of the detectable anti-HEV antibody to neutralise 

the tissue culture-derived antigen [6]. We demonstrate that the antibodies from recovered persistent 

HEV cases had significantly lower antigen neutralising capacity when compared with acute HEV 

cases when tested at equivalent levels of anti-HEV IgG (between 2 and 5 WHO IU/ml). Due to lower 

anti-HEV IgG titres in the plasma from patients following IVIG infusions (7/9 samples had <1 WHO 

IU/ml) we could not perform a direct comparison at an equivalent WHO unitage; despite this, the 

antigen neutralising activity was similar in post-IVIG samples compared to plasma from recovered 

acute cases. This higher antigen neutralising activity relative to the detected anti-HEV IgG titre may 

explain why these patients either do not develop initial HEV infection or do not develop persistence 

despite comparatively low concentrations of anti-HEV detected by ELISA. 

We are unable to conclude definitively that passively transferred HEV antibodies are protective for our 

patients, since correlates of protection against HEV infection are undefined even in vaccine studies 

[34]. However, as proof-of-concept, late stage convalescent plasma has been used successfully to 

prevent cynomolgus monkeys from developing hepatitis after an HEV challenge, therefore IVIG may 

prove useful for prevention of HEV infection [35]. Indeed IVIG has shown promise as a therapeutic 

agent in a small number of cases of HEV-associated neuralgic amytrophy [36]. The recent description 
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of a model for HEV infection using humanized homozygous uPA+/+-SCID mice may enable passive 

immunoprophylaxis to be studied further [37]. An alternative explanation for the lack of persistent HEV 

infections in this study is that enough of the patients had sufficient preserved T-cell activity to clear 

HEV following infection. Suneetha et al have demonstrated the importance of T-cell responses for 

control of HEV infection [38]. The initial description of persistent HEV infections in solid organ 

transplant recipients found significantly lower total lymphocytes, CD2+, CD3+ and CD4+ cell counts in 

individuals developing persistent infection compared to those who resolved HEV infection [6]. In our 

study 77% of patients had normal levels of CD8+ T-cells (>0.2 x 10
9
/L) and higher median total 

lymphocyte count, CD3+ and CD4+ cell counts than found by Kamar et al in persistently infected 

transplant patients [6]. However, T-cell deficiency and iatrogenic immunosuppression were not 

uncommon in our patients and even in this subset no viraemic cases were detected.  

In summary, we found no evidence of persistent HEV infection in an immunocompromised cohort of 

patients with primary and secondary antibody deficiency. The HEV-Ag neutralising antibodies 

detected in both immunoglobulin products and patients’ plasma may provide sufficient protection from 

developing HEV infection. Nevertheless we agree with Mohamed et al that patients in these groups 

with persistently elevated liver enzymes should still be tested for HEV RNA [13]. Further work on 

elucidating the relative importance of T-cell and B-cell responses for HEV clearance are needed to 

help stratify risk in these and other immunocompromised cohorts. 
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Table 1. Characteristics of antibody-deficient patients tested for HEV RNA. 

Characteristic No. (%) 

Sex  

     Male 91 (37.1) 

     Female 154 (62.9) 

Age, yrs, Median [IQR] 56 [41-68] 

Underlying Diagnosis 

 

     CVID 138 (56.3) 

     XLA 15 (6.1) 

     Hyper IgM syndrome 3 (1.2) 

     Good’s syndrome 1 (0.4) 

     Other primary antibody deficiency
a
 41 (16.7) 

     Secondary antibody deficiency
b 

 47 (19.2) 

Immunoglobulin Product/manufacturer  

IV       Flebogamma DIF 5%/Grifols                         39 (15.9) 

          Gammagard 10%/Shire 1 (0.4) 

          Gammaplex 10%/BPL 20 (8.2) 

          Gamunex 10%/Grifols 13 (5.3) 

          Intratect 10%/Biotest 11 (4.5) 

          Intratect 5%/Biotest 6 (2.5) 

          Kiovig 10%/Baxalta 26 (10.6) 

          Octagam 10%/Octapharma 15 (6.1) 

          Privigen 10%/CSL Behring 53 (21.6) 

SC     Gammanorm 16.5%/Octapharma                        10 (4.1) 

          Hizentra 20%/CSL Behring 24 (9.8) 
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a
Includes isolated IgG 

hypogammaglobulinaemia, IgG subclass deficiency and specific antibody deficiency.  

          Subcuvia 16%/Baxalta 13 (5.3) 

          Subgam 16%/BPL 14 (5.7) 

Iatrogenic immunosuppression                              

     Nil 188 (76.7) 

     Mono or combination therapy 57 (23.3) 

Lymphocyte count, x 10
9
/L, Median [IQR] 1.39 [1.01-1.89]

c
 

     No. (%) < normal range (1.0) 58 (24.3)
c
 

     CLL patients only (n=6), Median [IQR] 3.20 [1.55-13.73] 

Absolute CD3 count
d
, x 10

9
/L, Median [IQR] 1.08 [0.74-1.49] 

     No. (%) < normal range (0.7) 54 (22.0)
 

Absolute CD4 count
d
, x 10

9
/L, Median [IQR] 0.67 [0.41-0.83]

 

     No. (%) <0.5 90 (36.7) 

     No. (%) <0.35 43 (17.6) 

Absolute CD8 count
d
, x 10

9
/L, Median [IQR] 0.35 [0.21-0.62] 

     No. (%) < normal range (0.2) 56 (22.9) 

Absolute CD19 count, x 10
9
/L, Median [IQR] 0.11 [0.03-0.23]

d
 

     No. (%) < normal range (0.10) 108 (45.2)
d
 

     CLL patients only (n=6), Median [IQR] 0.71 [0.42-11.95] 

Absolute CD16+CD56
d
, x 10

9
/L, Median [IQR] 0.13 [0.07-0.21] 

     No. (%) < normal range (0.09) 78 (31.8) 
 

ALT
d
, IU/L, Median [IQR] 24 [19-33]

 

     No. (%) > normal range
e
 39 (16.0) 

Bilirubin
d
, umol/L, Median [IQR] 6 [5-9] 

     No. (%) > normal range (21) 5 (2.0) 
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b
Lymphoma +/- rituximab (n=15), chronic lymphocytic leukaemia (n=6), multiple myeloma or monoclonal 

gammopathy of uncertain significance (n=7), allograft HSCT (n=3), rheumatoid or vasculitis+/- rituximab 

(n=10), medication induced (n=6). 

c
Excludes CLL patients (n=6) and missing data for 2 patients (2 further patients missing CD19+ counts). 

d
Missing data for 2 patients.  

e
ULN of ALT varied by year sampled and by gender (women: > 33IU/L in 2015, >35 in 2016/17, men: 

>41 in 2015, >50 in 2016/17.)  

Abbreviations: ALT, alanine aminotransferase; CLL, chronic lymphocytic leukaemia; CVID, common 

variable immune deficiency; IQR, interquartile range; XLA, X-linked agammaglobulinaemia. 

  

Downloaded from https://academic.oup.com/jid/advance-article-abstract/doi/10.1093/infdis/jiy504/5075995
by University College London user
on 04 September 2018



Acc
ep

te
d 

M
an

us
cr

ipt

 

28 

 

Table 2. Multivariable model examining the relationship between product type administered and a 

patient testing anti-HEV IgG reactive 

 

IVIG Product Odds Ratio
a
 P value

a 
95% CI

a 

Flebogamma DIF 5% 1.00   

Gammaplex 10% 0.52 0.588 0.05-5.58 

Gamunex 10% 1.59 0.644 0.22-11.24 

Intratect 10% incalculable
b
 - - 

Intratect 5% 135.92 0.016 2.46-7500.68 

Kiovig 10% 24.21 <0.001 4.78-122.69 

Octagam 10% 4.49 0.076 0.85-23.59 

Privigen 10% 1.71 0.504 0.36-8.13 

 

Data only considered if time since infusion was available (n=133). No data was available for Gammagard 10%, 

Gammanorm 16.5%, Hizentra 20%, Subcuvia 16% or Subgam 16%.  

a
Multivariable logistic regression was used to investigate the relationship between predictor variables and anti-

HEV IgG seropositivity.
 
The final model adjusted for time since infusion (days).   

b
All patients on Intratect 10% tested anti-HEV IgG positive therefore an odds ratio could not be calculated.  

Abbreviations: CI, confidence interval; IVIG, intravenous immunoglobulin. 
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Table 3. Pre and Post IVIG anti-HEV IgG levels and neutralisation activity in nine patients. 

Patient 

no. 
IVIG Product infused  

Pre-IVIG Post-IVIG 

anti-HEV 

IgG S/CO  

% 

Neutralisation 

anti-HEV 

IgG S/CO  

% 

Neutralisation 

1 Privigen 10% 1.27 82.29 2.35 90.97 

2 Intratect 10% 11.62 99.13 14.15 99.65 

3 Privigen 10% 6.10 98.44 7.60 97.57 

4 Kiovig 10% 0.36 36.98 3.02 97.92 

5 Flebogamma DIF 5% 0.41 57.64 1.77 90.46 

6 Privigen 10% 0.90 73.63 1.39 87.38 

7 Gammaplex 10% 0.28 42.78 0.81 74.19 

8 Gamunex 10% 0.76 47.27 1.96 95.23 

9 Privigen 10% 1.05 74.76 1.75 81.49 

 

Nine patients were tested for anti-HEV IgG and the presence of HEV-Ag neutralising antibodies prior to IVIG 

infusion and immediately post infusion. Anti-HEV IgG rose in all nine patients (median OD change 0.2 IQR [0.1-

0.3], p=0.008) and neutralising activity rose post infusion in 8/9 patients (median change in % of neutralisation 

13.7 IQR [6.7-32.8], p=0.015) (Wilcoxon signed-rank test). The percentage of neutralisation was calculated as a 

percentage of the reduction in binding (see methods).  

Abbreviations: HEV-Ag, hepatitis E virus antigen; IVIG, intravenous immunoglobulin.  
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Figure 1. Frequency density plot of anti-HEV IgG reactivity in antibody-deficient patients on 

immunoglobulin replacement therapy compared with HEV-uninfected blood donors. The lines 

represent fitted distributions which were a single normal distribution for blood donors and a mix of two 

normal distributions for the antibody deficient patients. Blood donor samples were archived plasma 

samples prior to the development of HEV infection to represent true anti-HEV IgG negative samples. 

There was a significant difference between the median S/CO values in HEV-uninfected blood donors 

(median, 0.06) and the antibody-deficient patients (median, 0.68) (p<0.001).  Data was transformed to 

a log-scale for analysis; the axis labels were back-transformed for presentation. The hatched vertical 

line represents the manufacturer's cut-off (S/CO 1.1) for positive results.  

Abbreviations: ELISA, enzyme linked immunosorbent assay; S/CO, sample over cut-off of optical 

density. 

  

Figure 2. Correlation of the percentage of patients on each product testing anti-HEV IgG reactive and 

the IgG level (WHO IU/ml) detected in the product. Ten immunoglobulin products were tested in 

duplicate for anti-HEV IgG. The ascribed level of WHO IU/ml was plotted against the proportion of 

patients on each product testing anti-HEV IgG reactive (S/CO >1.1) and showed a good correlation 

(Pearson’s correlation 0.900, p = 0.0004). The lowest result for any product was still reactive for anti-

HEV IgG by manufacturer’s criteria (mean S/CO of 2.44 for Gammaplex 10% equivalent to 0.12 WHO 

IU/ml).  

Abbreviations: IV, intravenous. SC, subcutaneous. IU, international units.  

 

Figure 3. HEV-Ag neutralising activity of immunoglobulin products at differing dilutions. Ten different 

immunoglobulin products were titrated in normal human plasma up to 1:320 and tested for the 

presence of antibodies capable of neutralising HEV-Ag derived from cell culture. The percentage of 

neutralisation was calculated as a percentage of the reduction in binding (see methods). 

Abbreviations: HEV-Ag, hepatitis E virus antigen. SC, subcutaneous. 
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Figure 4. Comparison of HEV-Ag neutralisation by plasma from acute clinical cases of HEV, 

recovered persistent cases of HEV and patients post-IVIG. The neutralising activity of plasma 

samples diluted to have an equivalent level of anti-HEV IgG (between 2 and 5 WHO IU/ml) from (A) 

patients recently recovered from persistent HEV infection (median 31.1%, range 25.4-45.8%) was 

significantly lower than plasma samples from (B) patients in recovery from acute HEV infection 

(median 81.5%, range 75.7-93.2%) (p=0.009). Plasma samples from (C) post-IVIG patients were 

tested undiluted as they had lower anti-HEV IgG (median 0.22 WHO IU/ml, range 0.05-15.9) and 

therefore could not be diluted to comparable level of anti-HEV IgG, but still exhibited high neutralising 

activity similar to acute HEV cases (median 91.0%, range 74.2-99.7%). 

Abbreviations: HEV, hepatitis E virus; IVIG, intravenous immunoglobulin; HEV-Ag, hepatitis E virus 

antigen. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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