
Chapter 6
Blood-Borne Disease

Dominic Dwyer and William Rawlinson

Abstract The use of nucleic acid tests (NAT) has dramatically enhanced the detec-
tion and management of blood-borne viruses. Some of the very first applications of
NAT using polymerase chain reaction (PCR) were in the identification of HIV in
blood. The recognition of other blood-borne viruses, in particular hepatitis B and
hepatitis C, further prompted the application of molecular tests to clinical medicine.
It was the ease of transmission of viruses through blood and blood products that
was one of the main stimuli for the development of nucleic acid testing (NAT) in
virology. The improvements in technology leading to automation, reduction in con-
tamination, quantitation and increased sensitivity have enhanced this development
and are likely to continue and expand, and so further improve patient management –
hopefully with reductions in cost. The introduction of these more sensitive NAT
assays has further reduced the likelihood of the acquisition of blood-borne viruses
during transfusion or transplantation. The development of commercial viral load
assays, or quantitative NAT, has revolutionised for example the clinical management
of HIV infection and of other systemic diseases (e.g. cytomegalovirus, Epstein-Barr
virus, HHV-6, BK polyomavirus) that are a particular clinical issue in immuno-
compromised individuals (Table 6.1). Also, resistance genotyping tests can now be
performed by sequencing the relevant drug targets e.g. HIV – most commonly the
reverse transcriptase and protease regions, but now including integrase and enve-
lope gp 41. Infections in immunocompromised patients may occur in the absence of
classical symptoms and the use of PCR to diagnose, in a targeted fashion, the most
common infections has revolutionised treatment of these infections in the immuno-
compromised patient. Knowledge of the most likely agents – for example, CMV
in the first 3 months following bone marrow transplant, is often used because such
reactivation infection is extremely common (and often fatal) in this population. The
availability of polyoma virus PCR means a clinical transplant service is able to
monitor their patients for polyoma virus and adjust the level of immunosuppression
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appropriately. The availability of rapid diagnosis for fungi or Pneumocystis means
transplant clinical services can often reduce the use of antimicrobial prophylaxis for
these agents. Therefore, as a result of these rapid diagnostic nucleic acid testing ser-
vices, clinical services can directly improve patient therapy, thereby reducing side
effects and improving outcomes as well as saving money.

Keywords Virus · Immunocompromised · Transplant · Diagnosis · Quantitative
PCR

6.1 PCR Use in the Diagnosis of Blood-Borne Viral Diseases

Dominic Dwyer

6.1.1 Introduction

The ease of transmission of viruses through blood and blood products was one
of the main stimuli to the development of nucleic acid testing (NAT) in virology.
The improvements in technology leading to automation, reduction in contamination,
quantitation and increased sensitivity have enhanced this development.

Following the recognition in 1984 of human immunodeficiency virus (HIV) as
the cause of AIDS, serological assays to detect HIV-specific antibodies were devel-
oped as the main screening and diagnostic tests. However, their inability to detect
either early HIV seroconversion or to measure the severity of infection drove the
demand for NAT. In fact, some of the very first applications (published in 1987) of
NAT using polymerase chain reaction (PCR) were in the identification of HIV in
blood. The recognition of other new blood-borne viruses, in particular hepatitis C,
as well as the knowledge of the already identified hepatitis B, further prompted the
application of molecular tests to clinical medicine.

6.1.2 Qualitative NAT

NAT for blood-borne viruses has gone through various applications. Initially it was
characterised by qualitative PCR directly on blood or other tissues. In HIV, this was
done on whole blood or different blood components, e.g. plasma (reflecting ‘free’
RNA virions) and peripheral blood mononuclear cells (reflecting mainly integrated
provirus DNA). Importantly, qualitative NAT has reduced the ‘window period’,
the time between infection and HIV seroconversion, to less than 2 weeks. It has
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also allowed the resolution of incomplete serological results, as exemplified by the
evolving Western blot in acute HIV infection. PCR for integrated HIV DNA is
invariably positive in people who are HIV seropositive; it remains useful in con-
firming indeterminate serological results and determining the presence of infection
in babies born to HIV seropositive mothers (where maternal HIV antibodies may
circulate for up to 18 months).

Qualitative PCR can also be used to detect HIV in different body tissues, an
important tool in the early days of understanding HIV pathogenesis.

6.1.3 NAT in the Blood Supply

In addition to confirming infection in an individual, testing is needed to protect the
blood supply and identify asymptomatic infections in blood donors. This was ini-
tially done by rejecting individuals with a clinical or social history that put them
at risk, people with surrogate markers of blood-borne virus infections e.g. abnor-
mal liver function tests, or people with serological evidence of infection. Despite
these assessments, transmission of blood-borne viruses through the blood supply
still occurred. The introduction of more sensitive NAT has further reduced the likeli-
hood of the acquisition of blood-borne viruses during transfusion or transplantation.
Of course, the availability of testing methodologies varies around the world, and
there certainly is inequality in the access to NAT.

Other viruses may also be transmitted by blood or organ transplantation, although
these may not reflect the most common modes of transmission. Examples include
arboviruses (West Nile virus infection has been associated with transfusion in the
USA), influenza A H5N1 infection, SARS, and other novel viruses such as hepatitis
G, TTV, EBV, CMV, BK/JC, Dengue etc. NAT for these pathogens are available for
both individual patient diagnosis and protection of the blood supply, but overall they
are perhaps less clinically relevant than HIV, hepatitis B and hepatitis C.

6.1.4 Quantitative NAT

The development of commercial viral load assays, or quantitative NAT, has revo-
lutionised the clinical management of HIV infection (Table 6.1). The plasma HIV
load, expressed in HIV RNA copies/mL plasma or log copy number, allows the clin-
ician to do a number of things. A high viral load, when combined with the CD4+
T cell count, allows the prognosis to be discussed with the patient by determining
the likelihood of progressing to either AIDS or death within a defined time period.
It facilitates discussion of transmission, as it is known that the higher the HIV load,
the more transmissible the virus is to others. The HIV plasma load also guides when
antiretroviral therapy should be started and perhaps most importantly, assesses the
response to antiretroviral therapy. Reducing the HIV load with antiretroviral ther-
apy not only provides clinical benefit, but also provides a public health benefit by
reducing the likelihood of ongoing HIV transmission. The HIV plasma load is used
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to monitor the response to new antiviral agents, in both treatment experienced and
treatment of naive individuals. A rise in HIV plasma load is a surrogate for HIV
drug resistance, as well as other therapy-related problems such as compliance and
drug absorption, and is an indication for changing therapy.

Following evidence of the clinical value of HIV plasma load assays, quantitative
NAT has also proved clinically useful in addressing treatment and antiviral drug
resistance issues in hepatitis C and B infection. The management of other systemic
diseases (e.g. cytomegalovirus, Epstein-Barr virus, HHV-6, BK polyomavirus) that
are a particular clinical issue in immunocompromised individuals is also guided by
quantitative NAT on blood, and will be enhanced as multiplex quantitative assays
become available.

6.1.5 Genotyping

Genotyping for the detection of mutations associated with HIV drug resistance and
clinical failure of therapy is now ‘standard of care’ in HIV management. A resis-
tance genotyping test is most commonly performed by sequencing the relevant drug
targets – most commonly the reverse transcriptase and protease regions, but now
including integrase and envelope gp 41. Genotyping is recommended prior to the
commencement of the first antiviral regimen to ensure that the individual is not
already infected with drug resistant virus. Resistance testing is also indicated when
people are failing antiretroviral therapy. HIV phenotype assays are also available,
but their cost precluded their routine use in clinical practice and methods have
been excluded from this section. The same principles apply to other blood-borne
viruses, and assays are available for the detection of hepatitis B and CMV drug resis-
tance mutations. As hepatitis C-specific therapies evolve, it is likely that genotyping
will assist clinicians in the best use of antiviral drugs in both acute and chronic
hepatitis C.

6.1.6 Molecular Epidemiology

Molecular epidemiology studies are undertaken with HIV, hepatitis B and hepati-
tis C, and to a lesser extent with the other blood-borne viruses. Here, sequencing
of the viral genome allows comparison of a patient’s viral sequences with those in
large public sequence databases, allowing one to determine in which viral subgroup
the patient’s virus falls. Molecular subtyping of viral strains assists with under-
standing how viruses move in a community, and indicate potential subtype-specific
responses to antiviral therapy and clinical outcomes. NAT has also been used in
medico-legal cases, where HIV or other blood-borne viruses have been transmitted
to other individuals

Another molecular advance is the use of NAT to determine the presence of human
gene alleles associated with adverse drug reactions. This has been most clearly
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demonstrated in HIV-infected individuals with abacavir hypersensitivity in the pres-
ence of HLA-B5701. This test is now performed as part of ‘standard of care’ in
HIV-infected individuals where abacavir therapy is being considered.

The use of NAT has dramatically enhanced the detection and management of
blood-borne viruses. This is likely to continue and expand, and so further improve
patient management – hopefully with reductions in cost.

In Australia, assays for the detection of HIV and HCV require approval by
the Therapeutic Goods Administration [see Therapeutic Goods Regulations 1990.
Schedule 3. Therapeutic goods required to be included in the part of the Register for
registered goods (regulation 10)]. The legislative basis for the regulation of in-vitro
diagnostic devices (IVDs) (see In vitro diagnostic devices – definitions and links at
http://www.tga.gov.au/devices/definitions.htm) involves inclusion on the Australian
Register of Therapeutic Goods (ARTG). The ARTG is a database of therapeutic
goods approved for supply in Australia. IVDs for the diagnosis of patients infected
with the HIV or with the HCV are required to be registered in the ARTG. If the
application is acceptable, the Conformity Assessment Branch (CAB) will advise the
sponsor of the evaluation fee, any additional data required and the number of test
kits required for evaluation. All data for evaluation must be sent to the CAB who will
coordinate the evaluation. The TGA undertakes the evaluation of kit integrity while
the quality and efficacy aspects are evaluated by the National Serological Reference
Laboratory (NRL) located in Melbourne.

Every IVD approved for listing or registration in the ARTG is subject to standard
and specific conditions under Section 28 of the Act. http://www.tga.gov.au/docs/
pdf/dr4/dr4app04.pdf

IVDs approved for use as screening or as supplemental tests for the diagnosis of
infection with Human Immunodeficiency Virus [HIV] (viral load assays exepted)
and also for supplemental tests for the diagnosis of infection with Hepatitis C Virus
[HCV] may be supplied to authorised laboratories only.

Sponsors and manufacturers also have ongoing responsibilities once a product
has been approved for supply in Australia. All IVDs supplied in Australia (including
exempt IVDs) are subject to post market requirements and IVD users can report
any problems relating to the safety, quality or performance of an IVD supplied for
commercial use.

Extract from http://www.tga.gov.au/docs/pdf/dr4/dr4v1s2.pdf :

Conditions of Registration HIV Test Kits
Test kits will be entered in the ARTG and specified as being suitable for routine screen-
ing or supplemental purposes. The conditions relating to the registration will specify the
appropriate category.
Sponsors will be advised by the TGA of the marketing approval, which will include
details of the ARTG registration number, conditions of approval and the certificate of
registration.

HCV Test Kits
Test kits are categorised as being suitable either for routine screening or for supplemental
purposes only, and the condition of entry in the ARTG will specify the category of supply.



90 D. Dwyer and W. Rawlinson

There is no restriction to the supply of HCV test kits approved for screening once entered in
the ARTG. However, it is Commonwealth policy that all HCV test kits approved for use as
supplemental assays and those using newer technology (such as polymerase chain reaction,
branched DNA amplification or procedures currently in developmental stages) be supplied
only to laboratories approved by State/Territory health authorities.

Use of Unapproved HIV/HCV Test Kits
Provisions exist for the supply of unapproved HIV/HCV test kits either for research use
or under the Clinical Trials / Special Access Schemes in the Therapeutic Goods Act 1989.
Refer to Chapter 1.24 Access to Unapproved Therapeutic Devices. . ..
Sponsors are permitted to supply their kits for research purposes prior to the evaluation
procedures having been completed. The kits may only be supplied to bona fide research
institutes as well as to the designated testing laboratories. Such products cannot be used for
diagnostic purposes, i.e. specimens must not be identifiable. . ..

6.2 PCR Use in the Diagnosis of Infection in the
Immunocompromised Host

William Rawlinson

6.2.1 Background

The prevention of infection is dependent upon existing (innate) and responsive
(humoral and cell mediated) immune functions. All these host functions are critical
to preventing infection in the host. However, in most clinical settings we see immune
compromise as immunodeficiencies resulting from abnormalities of humoral and
cell-mediated components. Ranulocytopaenia results in predominantly bacterial
infections and neutropaenia is associated with infection by bacterial species pre-
dominantly, although the types of bacterial species differ slightly. Changes in
humoral immunity resulting from absence of antibody predominantly cause bacte-
rial infection, whilst impaired cellular immunity results predominantly in infection
with intracellular organisms – bacteria such as Nocardia, mycobacteria including,
atypical mycobacteria, Pneumocystis jirovecii and fungal infections. All viral infec-
tions have an intracellular component, as viral reproduction is critically dependent
upon intracellular infection, and therefore impaired cellular immunity is particularly
associated with infection with viruses – either due to reactivation of latent her-
pesviruses or the more severe infections from exogenous viruses such as respiratory
or gastrointestinal agents.

The patient groups demonstrating immunocompromise are many. However, we
predominantly focus on immunocompromised patients who present often to hospi-
tals, with severe immune compromise such as results from organ transplantation,

W. Rawlinson (B)
SEALS Virology Division, Prince of Wales Hospital, Randwick, NSW 2031, Australia
e-mail: w.rawlinson@unsw.edu.au
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haematological transplantation (bone marrow transplants are a highly immunocom-
promised population), compromised immune systems as a result of therapy – such
as cancer chemotherapy, and immune compromise resulting from infection with
human immunodeficiency virus (HIV) with the development of acquired immune
deficiency syndrome (AIDS). As increased numbers of transplants are done each
year, and additional transplants (such as bone marrow matched unrelated donor
transplantation) are performed, then the number of immune compromised patients
has increased. Furthermore, more aggressive immune suppression associated with
some of these transplants and longer survival of transplant patients with better
medical and surgical therapy, has meant that the number of severely immune
compromised patients has increased significantly. The annual cost to the health
care system of transplantation transplant complications are also significant – trans-
plants cost $65,000 to $75,000 per transplant with an annual average cost of care
of $11,000 (www.transplant.org.au). This cost is significantly increased by post-
transplant viral infection – for example, liver transplant recipients who develop
cytomegalovirus (CMV) disease have significantly (24–49%) higher costs than
patients with no, or asymptomatic CMV infection.

Diagnosis of these infections in immunocompromised patients is critical to
proper therapy. Empirical therapy is often begun urgently, due to the tendency of
such infections in the immune compromised host to progress, but such empiric ther-
apy often has side effects, requires the patient to remain in hospital, and is costly.
Therefore more targeted therapy is needed. Diagnosis, particularly using nucleic
acid tests, is critical to allow narrowing of therapy to the minimum required to give
the best clinical outcomes. Importantly, much infection may go undiagnosed due to
the need for urgent empirical therapy. The febrile neutropenic patient with an undi-
agnosed infection and treatment with multiple antibiotics, often including antifungal
and antiviral agents, is a recurring clinical scenario. Up to one in five infections will
remain undiagnosed, and it is apparent that treatment for these different infections,
bacterial, fungal or viral is completely different. Therefore diagnosis of infection in
the immune compromised host, utilising nucleic acid tests such as PCR is critical.

6.2.2 Issues to Consider in the Diagnosis of Infection in the
Immunocompromised Host

The source of the organism in transplant infection may be exogenous or endogenous.
The exogenous organisms are those commonly seen in other hosts – for example
influenza during winter season, respiratory syncytial virus (RSV) in lung trans-
plant recipients, bacterial agents in neutropenic patients that are normal colonisers
of the skin – such as Staphylococcus aureus and nosocomial agents introduced
via central venous catheter related infections (such as coagulase negative staphy-
lococci, Staphylococcus aureus, Candida albicans, Candida parapsilosis). These
agents are often antibiotic resistant as they may be acquired in hospital, and the
immunocompromised patient often is treated with multiple antibiotics.
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Significant infection exposures of transplant recipients may be derived from the
donor organ, preexisting latent infections (herpesviruses, HIV, HCV) in the recip-
ient or donor, the hospital environment (e.g. nosocomial MRSA), and community
exposures (e.g. influenza). These have contributed to reducing long term patient sur-
vival through death from infection and cancer (ANZDATA and ANZOD transplant
data in www.transplant.org.au) and improved diagnosis is vital in reducing these
infections.

Diagnosis may be straightforward, as evidence of infection (for example an
infected centrovenous catheter) is clinically apparent, a swab can be taken, and the
organism will often grow, albeit that antibiotics may inhibit culture in some cases.
Endogenous infections, arising from reactivation of latent viruses such as the her-
pesviruses (HSV1, HSV2, EBV, CMV, HHV6, HHV7, HHV8), the polyoma viruses
(BK/JC virus) may be more difficult to detect. This is because serological assays are
often of little use in this setting, as IgG and IgM assays, or even avidity assays, are
not accurate because immune suppression reduces production of IgM. Therapy for
these infections is often toxic (for example ganciclovir for CMV) and decisions
regarding prophylaxis versus pre-emptive therapy often need to be made. It is here
that nucleic acid tests, particularly quantitative PCR is extremely useful in deciding
whether a (viral) pathogen is reactivating, whether the level is increasing (suggesting
active infection), and whether the level continues to increase on therapy, suggesting
antiviral resistance has developed.

The clinical presentation of the infected immunocompromised patient is often
atypical. Infections may occur in the absence of classical syndromes – fever is
often used to indicate active bacterial infection, although this may be absent in
the immunocompromised patient. Different pathologic agents (bacterial, viral and
fungal infecting agents), may present in a very similar fashion. For example, pneu-
monia with diffuse, bilateral lung infiltrates in the immunocompromised bone
marrow transplant recipient may be due to a virus (RSV, CMV, influenza, aden-
ovirus, parainfluenza virus, VZV, HSV), Mycoplasma pneumoniae, Pneumocystis
jirovecii, bacterial and fungal agents although the latter would normally result in
localised rather than diffuse infiltrates. Sampling of the respiratory tract in this set-
ting, by bronchoalveolar lavage with or without bronchial biopsy is often useful,
when accompanied by specific PCRs for these agents.

Neurological infections, with encephalitis and/or meningitis can also result in
non-specific symptoms (confusion, headache, seizures) and symptoms may initially
be non-specific. Infections of the CNS with reactivated HSV (HSV encephali-
tis), Toxoplasma gondii (cerebral toxoplasmosis) or intracellular organisms such
as Listeria monocytogenes or Cryptococcus neoformans may all result in this syn-
drome. Fungal infection may also cause non-specific symptoms, although again
focal infection with cryptococcus, aspergillus or Nocardia or mycobacteria species
may occur. The obvious difficulty with neurological infection in the immuno-
compromised patient is that access to clinical samples (cerebrospinal fluid or
very rarely brain biopsy) is limited when compared with other organ system
infections.
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Gastrointestinal infections are occasionally troublesome in immunocompro-
mised patients, although long-standing, ongoing infections are usually due to
a small number of agents – Strongyloides stercoralis, Clostridium difficile, and
cytomegalovirus (CMV) can infect the lower gut resulting in ongoing diarrhoea.
Oesophagitis due to CMV, HSV, or candida may occur. A more serious problem
can be for a hospital unit treating immunocompromised patients, where infection
with one of the epidemic viruses such as norovirus or astrovirus results in an acute,
severe gastroenteritis which may be associated with widespread infection (includ-
ing of the staff) that can cause severe fluid and electrolyte depletion. Infections
of other parts of the gut such as oropharyngeal gingivostomatitis, severe mucositis
and oesophagitis may occur although often specific agents (such as HSV in gin-
givostomatitis, candida in oesophagitis) are limited to a small number of agents.
Again, in all these cases, directed PCR to identify the agent will result in success-
ful treatment strategies. Treatment of infections in immunocompromised patients
is critically dependent upon accurate diagnosis. The use of PCR to diagnose, in
a targeted fashion, the most common infections has revolutionised treatment of
these infections in the immunocompromised patient. Knowledge of the most likely
agents – for example, CMV in the first 3 months following bone marrow trans-
plant, is often used because such reactivation infection is extremely common (and
often fatal) in this population. This means that other agents then become more
likely in the individual patient on prophylaxis, and nucleic acid testing can be more
directed towards these other agents. The laboratory services are of enormous benefit
in directing the approach to treatment taken by a clinical service. The availability
of routine CMV viral loads for example, done two to three times weekly means a
clinical service is able to undertake pre-emptive treatment with ganciclovir, rather
than relying on prophylaxis. The availability of polyoma virus PCR means a clinical
transplant service is able to monitor their patients for polyoma virus and adjust the
level of immunosuppression appropriately. The availability of rapid diagnosis for
fungi or Pneumocystis means transplant clinical services can often reduce the use
of antimicrobial prophylaxis for these agents. As a result of these rapid diagnostic
nucleic acid testing services, clinical services can directly improve patient therapy,
thereby reducing side effects and improving outcomes.
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