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Infections Resulting from Bone Grafting Biomaterials
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ABSTRACT

Use of bone grafting is a boon in saving ailing and failing bony
structure. Today in dentistry all types of grafts are used,
autogenous, xenografts, allografts alloplasts, all giving favorable
results. Yet, all have demerits. Xenografts and allografts have
high chances of transmission of infection. This article highlights
grafts and transmission of such infections.
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INTRODUCTION

Bone grafts are extensively used in dentistry for recons-
truction of atrophied alveolar ridges, around endosseous
implants for regeneration of missing bony wall to provide
support and stability to implants, for sinus floor elevation
procedures, for healing of intrabony peri-implantitis defects,
in periradicular surgery and large periapical lesions, in
periodontal bony defects and for reconstruction of
maxillofacial defects. There are various bone graftsused in
dentistry. The best being autografts, however, the chance
of second surgical site, limited amount and their rapid
resorption has encouraged clinicians to use xenografts or
alografts.!

Xenografts are grafts shared between different species.
Thereare many available sources of xenografts used asbone
replacement grafts: Bovine bone, porcine bone, horse bone
and natural coral.? The advantage of theses grafts is that
they are osteoconductive and undergo through extensive
processing techniques, providing products which are

biocompatible and structurally similar to human bone. Other
advantages include readily availability and risk free of
disease transmission; however ‘risk free of disease trans-
mission quotient’ has been questioned with the discovery
of bovine spongiform encephalopathy (BSE) and porcine
endogenous retroviruses (PERVS).2

Xenotransplantation may allow such organismsto infect
xenograft recipients, who may, consequently, contract
previously unknown diseases.* Thereis also arisk that the
infectious organisms might cause disease and destroy the
transplanted organ, even if they do not harm the human
recipient. Even if not infected with disease-causing
organisms when transplanted, the xenografted organ may
remain susceptibleto infectious organismsof animals.* Also,
if axenograft recipient isinfected, thereisapossibility that
the resultant disease might then be passed on to the public.
In this way, xenografting may pose a risk to public health
aswell asto individual health.*

Anorganic bovine-derived bone xenograft (BDX): The BDX
isaxenograft consisting of deproteinized, sterilized bovine
bone with 75 to 80% porosity and a crystal size of
approximately 10 mm in the form of cortical granules.>®
The advantage of BDX is that it has osteoconductive
properties and according to Cohen et a and Callan et al*’
use of this graft material is considered safe since al the
proteinsareremoved and is 100% crystalline hydroxyapatite
grafting material. Y et, there are reported cases of BSE.
Infectious particles cause BSE in cattle, when these are
accidentally transplanted in humansthrough bone graftsthey
cause Creutzfeldt-Jakob disease (CJD) and a variant of
Creutzfeldt-Jakob disease (vCJID).2 CID is a rare, fatal
neurodegenerative disorder®® of old age, but its variant
vCJID can occur at any age. The occurrence of CID israre

Table 1: Various types of Creutzfeldt-Jakob disease

Disease

Mechanism of pathogenesis

Human diseases

Kuru (Fore people)
latrogenic Creutzfeldt-Jakob disease

Infection through ritualistic cannibalism
Infection through prion-contaminated HGH,

dura mater grafts, and so forth

Variant Creutzfeldt-Jakob disease
Familial Creutzfeldt-Jakob disease
Gerstmann-Straussler-Scheinker disease
Fatal familial insomnia

Sporadic Creutzfeldt-Jakob disease

Infection through bovine prions?

Germline mutations in PrP gene

Germline mutations in PrP gene

Germline mutations in PrP gene (D178N and M129)

Somatic mutation or spontaneous conversion of PrPC into PrPSC?
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approximately one case per million populations. The disease
is caused by prions, which are considered to be composed
mainly of an altered normal protein (prion protein).®

It is also known as the prion disease. It was first
discovered by Stanley B Prusiner, and he defined prions as
infectious, transmissible proteinaceous particles that lack
nucleic acid and are composed exclusively of a modified
isoform of the noninfectious cellular prion protein (PrPC).
The pathogenic (also called scrapie or PrPSc) form of the
prion protein (PrP) has the same amino acid content but a
higher B-sheet content than PrPC.° These prions get
deposited in cerebrum and cerebellum causing sponge-like
degenerative changesin the brain. Clinical featuresinclude
psychiatric symptoms such as depression, anxiety, apathy,
withdrawal, delusions; there is persistent painful sensory
symptoms pain and/or dysesthesia, ataxia, chorea/dystonia
or myoclonus, dementia. Oral manifestations include
pseudobulbar palsy which may cause dysphagia and
dysarthria in patients with transmissible spongiform
encephal opathies (TSEs), orofacial dysesthesia or
paresthesia, as well as loss of taste and smell 112

Therearevarioustypesof CJD. Table 1 bel ow describes
those types.®

There are many reported case of transmission of BSE,
athough the risk of transmission of CJD through dentistry
isunclear, the theoretical risk of transmission through any
contaminated instruments or contaminated bovine bone graft
can take place. Incidence of transmission of BSE with
bovine xenograft is estimated to be far less than the
incidence of being hit by lightning.'* Therefore, the risk of
getting disease transmission from allograft and xenograft
is relatively low as long as the disinfection/sterilization
protocols are followed by the suppliers. World Health
Organization stated that bone is labeled as type IV (no
transmission) for proteinaceousinfectious particles (prions)
diseases. All current available bone graft materials are safe
and reliable instead of disease transmission potential.
According to Sogal and Tofe'® therisk of TSE transmission
from a commercially available bovine-derived xenogenic
bone substitute was insignificant.

In animal studies, Adams and Edgar'® assessed the
possibility of transmission of scrapie through dental burs.
They found no clinical or histological findings of scrapie
when the healthy micewerekilled and examined 15 months
later. Ingrosso et a*’ conducted a study on the possibility
of prion infection through dental procedures. They found a
significant level of infectivity in the trigeminal gangliaand
in the gingival and pulpal tissues of scrapie-affected
hamsters after intraperitoneal inoculation, suggesting

possible transmission from the central nervous system
through trigeminal nerves toward the oral cavity.

Porcine bone grafts: The pig has a number of advantages
as a renewable source of donor tissue including a vast
experience in its husbandry and health care, as well as the
advancing technologies to engineer transgenic animals'®
thus, porcine bone grafts are widely used in dentistry,
selective breeding and screening of the pig can reduce the
risk of animal-human infections, from xenotransplantation.
However, pigs harbor many viruses or ghosts of viruses,
some active, some latent and others represented only by a
partial genetic sequence embedded in the pig genome™® such
as endogenous retroviruses PERV, which are encoded in
their genomic DNA?%?! and are thusin every cell of every
pig, and aretherefore less susceptible to exclusion by careful
breeding. There are at least three variants of PERVs (A, B,
B1and C) in native pig cells.*® PERV-A and PERV-B can
infect several species including humans, while PERV-C
tropism islimited to pig cells.?>?% However, recombination
between PERV-A and PERV -C occursfrequently producing
a high titer, human tropic PERVA/C,?>?® these are
considered to be most problematic asthey use the same cell
receptor as PERV-A and are the forms derived from
cocultivation of porcine primary cells and human cells.?®
PERVs infect human cells in vitro and have been
cloned.?”?8 Recent data suggest that despite the presence
of many fragmentary copies of virus sequences, there are
relatively few;?>?" full length copies of the viral DNA in
each cell that are capable of producing infective virus. In
addition, some genomic sites produce incomplete viral
transcripts, which are not thought to be infective.?® This
small number of intact genes might allow inactivation of
proviruses of PERV's through genetic manipulation.?®
Gammaretrovirus particles are released by pig cell
lines,® yet only recently have investigators looked into the
potential risk of human infection by PERV. Two of thethree
identified receptor classes of PERV, distinguished by their
envelope sequence and tropism, have been shown to be
capable of replicating in human cellsin vitro. In vivo they
may cause infection and may give rise to two possible
effects: mutagenesis and immunosuppression.®! The first
may induce cancer. The second will damage the human
immune system and in analogy to HIV and SIV, high titer
virus replication may cause an AIDS-like disease in the
immunosuppressed human transplant recipient. Pig cellscan
survive for many years in the human body and
microchimerism has been detected. In microchimerism, the
pig cells in the human body contain PERV but—if no
infection has occurred—no virus particles have been
incorporated rated in the human genome. Thishowever does
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not decrease the risk that PERV may cause. Whether one
can really distinguish between microchimerism and an
infection is not clear.®

Another infection that humans can acquire from pigsis
Ebola virus (EBOV). EBOV causes extremely severe
disease in humans and in nonhuman primates in the form
of viral hemorrhagic fever. EBOV is a select agent, World
Health Organization Risk Group 4 Pathogen (requiring
Biosafety Level 4-equivalent containment). EBOV wasfirst
described in 1976 by David Finkes.**% Today, the virusis
the single member of the species Zaire ebolavirus, whichis
included into the genus Ebolavirus, family Filoviridae, order
Mononegavirales. The name EBOV is derived from the
Ebola River (ariver that was at first thought to be in close
proximity totheareain Zairewherethefirst recorded EBOV
disease outbreak occurred) and the taxonomic suffix viruses.
It causes a fulminating hemorrhagic fever syndrome
resulting in the death of most patients within a few days.
Human immune responses have as yet been poorly
investigated, mainly due to the fact that most outbreaks
occur in remote areas of central Africa. In infected humans
there is fatal outcome in humans and is associated with
aberrant innate immunity characterized by a ‘cytokine
storm,” with hypersecretion of numerous proinflammatory
mediators and by the noteworthy absence of antiviral
interferon. The adaptive response is globally suppressed,
showing a massive loss of CD4 and CD8 lymphocytes and
the immune mediators they produce.

Equinederived bone graft: Thereisalwayssearch for better
bone grafts resembling human bone matrix and capable of
osteoconductive properties. With discovery of PERV
through porcine bone grafts and CJD through bovine bone
grafts, use of equine bone grafts has become popular.
However, research on risk on disease transmission through
equine is still being investigated. El-Sabban et a*® stated
that there are no studies on bone substitutes of equineorigin,
apart from few papers on an equine bone protein extract,
which was capable of inducing osteoblastic differentiation
of human bone marrow-derived mesenchymal stem cells
and ectopic bone formation in arat model.3” According to
Stefano et al equine graft material is biocompatible, and its
usageis associated with new blood vessel singrowth during
healing, which has been found to be extremely important in
bone formation. The status still remains the same. Thereis
rapid increase in use of equine bone grafts, however,
research disease transmission through this material needs
more attention.

Human dura matter: Allografts have been successfully used
for intraosseous defects, most common being decalcified
freezedried bone alograft (DFDBA), however, controversy

exists with respect to the osteoinductive potential of these
materials.® It has been shown that inductive capacity varies
from bone bank to bone bank and a so from different batches
of the same bone bank. The bioactivity is aso dependent
on the age of the donor, the younger the donor, the more
osteoinductive graft material will be.® Also there are
chances of disease transmission, the most common being
Creutzfeldt-Jakob disease, which can be transferred from
aninfected donor. The main disadvantageisthat this disease
transcripts as a preclinical state in which it can lie dormant
in theindividua for decades (1-40 years), also it cannot be
detected in human blood. Thesefactorsincrease the chances
of transmission as it goes undetectable on screening.
According to Gajdusek et al another subacute spongiform
encephal opathy, survived room temperature in 10%
formalin for 7 months in the form of a brain suspension.

CONCLUSION

With various bone grafts in has now become possible to
reach the goal of bone regeneration and achieving ultimate
results providing both function and esthetics. However with
the use of xenografts the risk of disease transmission
increases. Although till now no case of infection from
xenotransplantation in dentistry has been reported, but there
isarisk. And to avoid certain precautions can be taken by
the dentist.

Patients with confirmed prion disease should be
scheduled at the end of the day to permit more extensive
cleaning and decontamination.?® It is preferable to avoid
activating waterlines because of the risk of retraction of
prionsin ora fluids. Also, a stand-alone suction unit with
disposable reservoir, rather than the suction component of
the dental unit, and a disposable bow! instead of the dental
unit spittoon should be used.?? To avoid environmental
contamination, dental equipment should be adequately
shielded using disposable, impermeable cover sheets.?®

REFERENCES

1. Cohen RE, Mullarky RH, Noble B, Comeau RL, Neiders ME.
Phenotypic characterization of mononuclear cells following
anorganic bovine bone implantation in rats. J Periodontol 1994
Nov;65(11):1008-1015.

2. Dumitrescu AL. Bone grafts and bone graft substitutes in
periodontal therapy. In: Dumitrescu AL, editor. Chemicalsin
surgical periodontal therapy. Berlin Heidelberg: Springer-Verlag
2011. p. 73-144.

3. Nasr HF, Aichelmann-Reidy ME, Y ukna RA. Bone and bone
substitutes. Periodontol 2000 1999 Feb;19:74-86.

4. Nairne SP. Nuffield council on bioethics. Animal-to-human
transplants: the ethics of xenotransplantation. London: Nuffield
Council on Bioethics; 1996.

70

Imc.



IJOICR

Infections Resulting from Bone Grafting Biomaterials

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hurzeler MB, Quinones CR, Kirsch A, Gloker C, Schupbach P,
Strub JR, Caffesse RG. Maxillary sinus augmentation using
different grafting materialsand dental implantsin monkeys. Part
|. Evaluation of anorganic bovine-derived bonemeatrix. Clin Oral
Implants Res 1997 Dec;8(6):476-486.

Piattelli M, Favero GA, Scarano A, Orsini G, Piattelli A. Bone
reactions to anorganic bovine bone (Bio-Oss) used in sinus
augmentation procedures: a histologic long-term report of 20
cases in humans. Int J Oral Maxillofac Implants 1999 Nov-
Dec;14(6):835-840.

Callan DP, Rohrer MD. Use of bovine-derived hydroxyapatite
in the treatment of edentulous ridge defects: a human clinical
and histologic case report. J Periodontol 1993 Jun;64(6):
575-582.

Wenz B, Oesch B, Horst M. Analysis of therisk of transmitting
bovine spongiform encephal opathy through bone grafts derived
from bovine bone. Biomaterials 2001 Jun;22(12):1599-1606.
Barash JA, Johnson BT, Gregorio DI. Is Surgery arisk factor
for Creutzfeldt-Jakob disease? Outcome variation by control
choice and exposure assessments. | nfect Control Hosp Epidemiol
2008 Mar;29(3):212-218.

Prusiner SB. Prions. Proc Natl Acad Sci USA 1998
Nov;95(23):13363-13383.

Porter SR. Prions and dentistry. JR Soc Med 2002
Apr;95(4):178-181.

Porter S, Scully C, Ridgway GL, Bell J. The human transmissible
spongiform encephal opathies (TSES): implications for dental
practitioners. Br Dent J 2000 Apr;188(8):432-436.
Azarpazhooh, Leake JL. Prions in dentistry—what are they,
should we be concerned, and what can we do? J Can Dent Assoc
2006 Feb;72(1):53-60.

Li J, Wang HL. Common implant-related advanced bone grafting
complications: classification, etiology, and management.
Implant Dent 2008 Dec;17(4):389-401.

Sogal A, Tofe AJ. Risk assessment of bovine spongiform
encephal opathy transmission through bone graft material derived
from bovine bone used for dental applications. J Periodontol
1999 Sep;70(9):1053-1063.

Adams D, Edgar WM. Transmission of agent of Creutzfeldt-
Jakob disease. Br Med J 1978 Apr;1(6118):987.

Ingrosso L, Pisani F, Pocchiari M. Transmission of the 263K
scrapie strain by the dental route. J Gen Virol 1999 Nov;80(Pt
11):3043-3047.

Ritzhaupt A, Van Der Laan LJ, Salomon DR, Wilson CA.
Porcine endogenous retrovirus infects but does not replicate in
nonhuman primate primary cells and cell lines. J Virol 2002
Nov;76(22):11312-11320.

Bach FH, Ivinson AJ. A shrewd and ethical approach to
xenotransplantation. Trends Biotechnol 2002 Mar;20(3):129-31.
Todaro GJ, Benveniste RE, Lieber MM, Sherr CJ.
Characterization of a type C virus released from the porcine
cell line PK(15).Virology 1974 Mar;58(1):65-74.

Tristem M, Kabat P, Lieberman L, Linde S, Karpas A, Hill F.
Characterization of a novel murine leukemia virus-related
subgroup within mammals. JVirol 1996 Nov;70(11):8241-8246.
Takeuchi Y, Patience C, Magre S, Weiss RA, Banerjee PT, Le
Tissier P, Stoye JP. Host range and interference studies of three
classes of pig endogenous retrovirus. J Virol 1998
Dec;72(12):9986-9991.

Wilson CA, Wong S, VanBrocklin M, Federspiel MJ. Extended
analysisof theinvitro tropism of porcine endogenousretrovirus.
JVirol 2000 Jan;74(1):49-56.

Oldmixon BA, Wood JC, Ericsson TA, Wilson CA, White-
Scharf ME, Andersson G, Greenstein JL, Schuurman HJ,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Patience C. Porcine endogenous retrovirus transmission
characteristics of an inbred herd of miniature swine. J Virol
2002 Mar;76(6):3045-3048.

Denner J. Recombinant porcine endogenousretroviruses (PERV -
A/C): a new risk for xenotransplantation? Arch Virol
2008;153(8):1421-1426.

Wilson CA, Wong S, Muller J, Davidson CE, Rose TM, Burd
P. Type C retrovirus released from porcine primary peripheral
blood mononuclear cells infects human cells. J Virol 1998
Apr;72(4):3082-3087.

Patience C, Takeuchi Y, Weiss RA. Infection of human cellsby
an endogenous retrovirus of pigs. Nat Med 1997
Mar;3(3):276-282.

Akiyoshi DE, Denaro M, Zhu H, Greenstein JL, Banerjee P,
Fishman J. Identification of a full-length cDNA for an
endogenous retrovirus of miniature swine. J Virol 1998
May;72(5):4503-4507.

Dobson R. Scientists show that vCJID can betransmitted through
blood. BMJ 2000 Sep;321(7263):721.

Armstrong JA, Porterfield JS, De Madrid AT. C-type virus
particles in pig kidney cell lines. J Gen Virol 1971
Feb;10(2):195-198.

Denner J. Immunosuppression by retroviruses: implicationsfor
xenotransplantation. Ann N 'Y Acad Sci 1988 Dec;862:75-86.
Weiss RA. Xenografts and retroviruses. Science 1999;285:
1221-1222; US FDA. Transcript from biological response
modifiers committee, xenotransplantation subcommittee. June
3-4 1999. Washington: Millers Reporting Company Inc, 1999.
Pattyn S, Jacob W, van der Groen G, Piot P, Courteille G.
Isolation of Marburg-like virus from a case of haemorrhagic
fever in Zaire. Lancet 1977 Mar;1(8011):573-574.

Bowen ETW, Lloyd G, Harris WJ, Platt GS, Baskerville A,
Vella EE. Viral haemorrhagic fever in southern Sudan and
northern Zaire. Preliminary studies on the aetiological agent.
Lancet 1977 Mar;1(8011):571-573.

Johnson KM, Webb PA, Lange JV, Murphy FA. Isolation and
partial characterisation of a new virus causing haemorrhagic
fever in Zambia. Lancet 1977 Mar;1(8011):569-571.
El-Sabban ME, El-Khoury H, Hamdan-Khalil R, Sindet-
Pedersen S, Bazarbachi A. Xenogenic bone matrix extracts
induce osteoblastic differentiation of human bone marrow-
derived mesenchymal stem cells. Regen Med 2007 Jul;2(4):
383-390.

Li H, Springer M, Zou X, Briest A, Bunger C. Ectopic bone
induction by equine bone protein extract. Adv Exp Med Biol
2006;585:393-402.

Sanchez AR, Sheridan PJ, Kupp LI. Is platelet-rich plasma
perfect enhancement factor? A current review. Int J Oral
Maxillofac Implants 2003 Jan-Feb;18(1):93-103.

ABOUT THE AUTHORS
Rita Singh
Private Practice, Periodontist, Kathmandu, Nepal

Lanka Mahesh (Corresponding Author)

Private Practice, The Dental Centre, S-382, Panshila Park,
New Delhi-17, India, email: drlanka.mahesh@gmail.com

Sagrika Shukla

Postgraduate Student, Department of Periodontics and Oral
Implantology, SGT Dental College and Research Center, Gurgaon
Haryana, India

International Journal of Oral Implantology and Clinical Research, May-August 2013;4(2):68-71

71



