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Introduction

The development of factor VIII (FVIII) neutraliz-
ing antibodies, known as inhibitor, is the most seri-
ous treatment-related complication for hemophilia 
A (HA) and is detected in 25%–30% of patients.1 
Inhibitor development is a multifactorial process 
involving genetic and non-genetic risk factors. 
Non-genetic risk factors include severe bleeding, 
infections, and vaccinations around the time of 
FVIII treatment based on the ‘danger theory’.2 
However, some evidences showed vaccinations do 
not increase inhibitor risk.3,4 We reported a severe 
haemophilia A (SHA) patient who have been 
treated with FVIII for more than 100 exposure 
days (EDs) also termed previously treated patient 
(PTP) developed high-titre inhibitor after concur-
rent vaccinations.

Case presentation

The patient was born on 40th week gestational age, 
suffered scalp hematoma caused by vacuum during 
vaginal delivery, then diagnosed with SHA (FVIII 
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activity < 1%). He had a positive family history of 
F8 gene inversions of intron 22 but without inhibi-
tor history. He received the first FVIII infusion with 
recombinant FVIII (rFVIII) (Advate® and 
Kogenate®) and plasma-derived FVIII (pdFVIII) 
(Greencross®) 200–250 IU/QD for 23 EDs because 
of the scalp hematoma at birth with negative inhibi-
tor (<0.6 Bethesda Unit (BU) tested every 5 EDs. 
He then received on-demand treatment prior to 
12-month age. Three bleeding episodes happened 
during this period, rFVIII (Kogenate) 250 IU/QD 
for 3–4 EDs were given for each. The patient started 
prophylaxis at 13 month age (34EDs) with rFVIII 
(Kogenate) 250 IU/QW and 250 IU/BiW for 
1 month respectively, then escalated to 500 IU/BiW 
after a joint bleeding. Inhibitor was negative at 41, 
60, and 65 EDs. By then, the patient was no received 
any vaccination.

At 15-month age, the patient was first vaccinated 
with inactivated diphtheria-pertussis-tetanus intra-
muscularly which caused an intramuscular bleed-
ing and recovered by rFVIII replacement. Inhibitor 
was negative detected 2 weeks later (72 EDs). At 
18-month age, the patient received the second vac-
cination of inactivated Hepatitis A intramuscularly 
with factor prophylaxis 12h prior (96 EDs) and the 

third vaccination of live-attenuated Varicella Zoster 
Virus subcutaneously with 2 weeks interval and 
received prophylactic factor 20h prior (100 EDs). 
One week later, three bleedings occurred succes-
sively in the next 2 weeks: one left thigh muscle 
bleeding and one left ankle bleeding were treated 
with repeatedly rFVIII. One post-venipuncture sub-
cutaneous bleeding was controlled by recombinant 
factor VIIa [NovoSeven®]. Then positive inhibitor 
(24.6 BU) was tested at 19.5-month age (117 EDs).

The patient started immune tolerance induction 
(ITI) 2 weeks after inhibitor detected with pdFVIII 
(Greencross) 66.7 IU/kg QD to QoD each for 
3 months. He achieved negative inhibitor at 
4.6 months, and normal FVIII recovery (>66% of 
expected) at 5.5 months. Then pdFVIII was switched 
to rFVIII (Advate) ~40 IU/kg/QoD for another 
month. He finally used non-factor replacement (emi-
cizumab) without inhibitor recurrence (Figure 1).

Discussion

According to “danger theory,” pathogen and dan-
ger-associated molecular patterns have been 
hypothesized as non-genetic risk factors of inhibi-
tor development.5 Vaccines administered closely 

Figure 1.  Clinical manifestations of the case
*Plasma derived; **recombinant; ¶immune tolerance induction.
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with FVIII exposure may provide a source of such 
danger signals.6 Study in mice implicated anti-
FVIII immune response could be amplified by Toll-
like receptor.7 Human dendritic cells could be 
activated by FVIII in a danger signal-dependent 
manner.8 In contrast, conflicting evidence showed 
that mice vaccinated in close proximity to FVIII 
exposure exhibited a decreased incidence of inhibi-
tor attributed to antigenic competition which may 
divert immune resources away from anti-FVIII 
immune responses to the site of vaccination.9 In 
clinical observations, only a single case reported 
recurrence inhibitor is manifested simultaneously 
with allergenic vaccines against grass pollen.10 
Other evidences showed no apparent associations 
with inhibitor development and the concomitant 
FVIII exposure in case control studies.3,11 A retro-
spective study from the PedNet Registry investigat-
ing 375 previously untreated SHA received 
vaccinations came up with the similar conclusion.4 
Recently, vaccination was proposed no association 
with inhibitor formation.1 But the conscious of vac-
cination on inhibitor development has not declined 
for physician. More than 50% of the physicians in 
Germany recommend a time interval of >24h 
before vaccination.12

The inhibitor development in the case could be 
mainly attributed to the continuous vaccinations in 
close proximity to FVIII. In the study from PedNet 
Registry, patients received median 4 vaccinations 
from 1.9 months (the first vaccination) to 
21.2 months (the last vaccination).4 While this 
case received more intensive vaccinations as 3 
times from 15 to 18 months with FVIII infusion 
given <24h prior for each. Although PedNet study 
found no association between vaccinations and 
FVIII exposure,4 the stimulation by frequent anti-
gen and adjuvant may provide a pro-inflammatory 
microenvironment and increase the immnue 
response to a certain amount of FVIII. In patients 
with haemophilia, the subcutaneous injections are 
usually given instead of intramuscular injections 
to avoid the risk for hematoma formation leading 
to FVIII exposure and the increasing inhibitor 
risk.13 Although some studies confirmed a similar 
vaccine efficacy by given intramuscularly or sub-
cutaneously,14,15 the guideline from US states the 
deviation from the recommended route might 
reduce vaccine efficacy.16 The FVIII immuno-
genicity is also concerned to be influenced by the 
route of vaccination.6 In mice, intramuscular was 

found to lead a decreasing FVIII immunogenicity 
than intravenous.9 However, that study failed to 
compare the difference between intramuscular and 
subcutaneous, given the unsuccessful antigen 
immunization.9 The case we reported was injected 
intramuscularly for 2 times and subcutaneously 
for 1 time, while in PedNet Registry study the 
majority (74.0%) were injected subcutaneously.4 
Therefore, this case may induce a stronger FVIII 
immunogenicity. In addition, immune system in 
neonate shows limited T-cell responses to vaccina-
tion with increased suppressive T-regulatory cells 
which secret IL-10 and TGF-β and inducing anti-
gen presenting cells tolerogenicity.17 This case 
received vaccination later than PedNet Registry 
study,4 leading to a stronger immune response and 
a higher inhibitor risk. Furthermore, this case lost 
FVIII tolerance after 100 EDs and received low-
dose ITI achieving negative inhibitor with a simi-
lar time to high-dose ITI.18 We could speculate 
that the inherent immunologic mechanism is dif-
ferent in typical inhibitor failed to tolerance at the 
outset and inhibitor induced by lost tolerance 
which may easier to tolerance.

Conclusion

This case suggested continuous vaccinations in 
close proximity to FVIII could induce anti-FVIII 
inhibitor in SHA patient based on the ‘danger the-
ory’. Additional research on inhibitor risk espe-
cially in PTP received vaccinations is required to 
understand the relationship of vaccination and 
FVIII immunogenicity.
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