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Abstract

Antiviral treatment, rapid viral diagnosis and point-of-care diagnostics are all relatively new, and their appropriate
use not fully appreciated or evaluated. In this article, the need for laboratory diagnosis in relation to antiviral
treatment, and practical approaches are discussed, with influenza and herpes simplex virus (HSV) as examples.
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1. Introduction

The demand for a laboratory verification of any
clinical diagnosis before onset of treatment and
for monitoring of effect varies. Factors that may
affect the proneness of a clinician to use the
laboratory are listed in Table 1. Most of these
factors are relevant also for antiviral treatment,
and differ for different kinds of viruses, the condi-
tion they cause depending on the host and their
medications. However, the possibility to treat
viruses and the availability of rapid virus diagno-

sis, especially to be used point-of-care, are rela-
tively new. Neither their usefulness, nor the
demands they impose on the doctors is yet fully
appreciated. To illustrate how the problems may
be approached, two groups of viruses will be dealt
with; influenza viruses and herpes simplex viruses
(HSV). The necessity for treatment and labora-
tory diagnosis in relation to the condition of the
patient, and practical approaches will be dis-
cussed. Needs and practices concerning monitor-
ing of effect and antiviral sensitivity will also be
touched upon, as well as accuracy of assays and
demands for standardization of evaluation, and of
external quality control (EQC) of laboratories
and point-of-care. Treatment of the human im-
munodeficiency virus (HIV) probably demands
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more of laboratory-work up than any other virus
today. However, the procedures and consider-
ations concerning HIV are too complex to be
included in this general review, and have also
been dealt in other recent review articles (Carpen-
ter et al., 2000; Hirsch et al., 2000).

2. Treatment of influenza

Amantadine and rimantadine have been avail-
able for influenza A treatment and prophylactics
for many years (Aoki, 1998). Despite documented
therapeutic, and above all preventive effects, they
have not been widely used outside Russia and
USA. This has been claimed to be due to fear of
side effects, and also to the rapid development of
antiviral resistance. The lack of efficacy against
influenza B is a further complication. However,
rimantadine causes far less adverse events than
amantadine, and still it has not been licensed in

many European countries. Lack among many
doctors of appreciation of influenza as a severe
disease that should be prevented and treated, at
least in defined groups at risk of severe disease
(Anonymous, 1999) might be an explanation. In
many countries, patients with suspected influenza
are discouraged to see the doctor unless the dis-
ease is very severe, or they suspect a bacterial
complication. Since there has been the notion that
there is no good, specific treatment to offer any-
way, the health care systems are not dimensioned
to urgently evaluate the large number of patients
that would need treatment even during an ordi-
nary, yearly influenza epidemic. In a developed,
Western country like Sweden, influenza is esti-
mated to, directly or indirectly, have killed 3/104

inhabitants yearly between 1993 and 1999 (Linde,
unpublished). It seems to be related to excess
mortality in all kinds of diseases in all countries
(Reichert, 2000). The realization that influenza is
indeed one of the most severe infectious diseases
that exists in the industrial world for those that
are vulnerable, and that specific prevention and
treatment exist, are slowly reaching the clinicians.
What exists today concerning prophylactics, treat-
ment and diagnostics, and how can we improve
the management of influenza with the aid of
medications and diagnostic techniques? As to pro-
phylactics, amantadine and rimantadine are li-
censed as prophylactics against influenza in many
countries, but vaccination is the most cost-effec-
tive preventive measure (Nichol et al., 1994; Gross
et al., 1995). There are recommendations to vacci-
nate those at risk of severe disease in several
countries (Fedson et al., 1995). Still, the majority
belonging to the risk groups remains unvaccinated
in most (Fedson et al., 1995, 1997) and post-expo-
sure amantadine or rimanatadine prophylaxis to
persons at risk seems extremely rare. This lends
further support to the suspicion that health care
providers, especially in many European countries,
so far largely have failed to realize the severity of
influenza infections in the risk groups.

In the past few years new drugs against influ-
enza, the neuraminidase inhibitors, have been
available (Gubareva et al., 2000). Whether lack of
knowledge and logistics, or fear of side effects,
antiviral resistance, and lack of promotion are

Table 1
Factors that affect the proneness of the clinician to obtain a
laboratory verification of the diagnosis before onset of therapy

Factors related to diagnosis

Accuracy of the clinical diagnosis: the higher accuracy, the
lesser need for laboratory confirmation

Availability of laboratory diagnosis: the higher the
availability, the more likely it is to be used

Time for laboratory diagnosis: the shorter time, the more
likely it is to be used

Reliability of available method/s for laboratory diagnosis:
the more reliable, the more likely it is to be used

Ease by which the specimen can be obtained: the easier,
the more specimen sent

Cost of laboratory diagnosis: the cheaper, the more likely
it is to be used

Factors related to the disease and the treatment
Urgency of the disease: high degree of urgency; little time

for pre-treatment verification
Severity of the disease: the more severe, the higher demand

for verification of the diagnosis
Side effects of the treatment: the more side-effects, the

higher demand for verification
Duration of treatment: long time, higher demand
Cost of treatment: high cost, higher demand
Risk of development of resistance against the treatment:

the higher risk, the greater necessity to have a
pre-treatment sample
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major obstacles against influenza treatment will
probably now be clarified, since these new drugs
with little side effects and resistance development
are being intensely promoted (Gubareva et al.,
2000). They reduce the time for alleviation from
influenza symptoms between 1–2 and 5 days in a
febrile patient if given �48 h after onset of
influenza (Hayden et al., 1997; Nicholson et al.,
1998; Gubareva et al., 2000; Makela et al., 2000;
Nicholson et al., 2000). Prevention of complica-
tions and reduction of time for disease in the
patients at risk of severe disease have not been
extensively documented, but there are indications
that it might be cost-effective (Mauskopf et al.,
1999). In vitro resistance has been show to de-
velop in 1–2% of patients after oseltamivir treat-
ment, but the frequency is not clinically
documented for zanamivir (Gubareva et al.,
2000).

Extensive use of these agents poses the same
logistic problems as amantadine and rimantadine,
and the inclination to use them among doctors
and patients may be as low for these new drugs as
for the already very well documented, cost effec-
tive vaccination (Nichol et al., 1994; Gross et al.,
1995). In addition, diagnosis and urgency is not a
problem for vaccination. It should be given rou-
tinely each year, before the influenza season
starts. The diagnostic demand before onset of
anti-neuraminidase therapy has been widely dis-
cussed. There seems to be a general acceptance
that treatment should at least not be considered
unless surveillance systems have demonstrated
influenza in the society. However, there is no
agreement as to handling of the individual pa-
tient. In this article the diagnostic problem is
scrutinized from different aspects presented in
Table 1 and some solutions suggested.

2.1. Accuracy of the clinical diagnosis of
influenza

In a characteristic influenza outbreak in an area
where the presence of the virus is confirmed, the
accuracy of the clinical diagnosis is high, but
probably many atypical cases remain unrecog-
nized. The clinical picture of typical influenza has
been well described (Nicholson, 1998). Cough,

fever and malaise in combination with a sudden
onset seem to be the most frequent symptoms.
Simple blood analyses such as C-reactive protein
(CRP) and leukocyte count may help to indicate
the diagnosis, but are in no way diagnostic. It has
been show that only 60–80% of intentions to treat
patients had laboratory confirmed influenza in
clinical trials (Makela et al., 2000), despite strict
diagnostic criteria, and verified influenza in the
society. Studies in elderly outside clinical trials
show diagnostic accuracy of only 30% (Govaert et
al., 1998), and clinical hallmarks to differentiate
influenza from other viral respiratory infection
seem to be lacking (Carrat et al., 1997).

The elderly are at the greatest risk of severe
influenza, but most of those who die during an
influenza epidemic don’t have the influenza dis-
ease that preceded the pneumonia or heart attack
at all recognized. A few studies underline the
importance of early specific diagnosis of index
cases at outbreaks in nursing homes (Taylor et al.,
1992; Staynor et al., 1994; Loeb et al., 2000; Read
et al., 2000), but it certainly also would be valu-
able for handling of individual patients in the
society. The reduction of antibiotic therapy in
children as a result of a positive viral diagnosis is
also an important gain (Serwint and Miller, 1993;
Noyola and Demmler, 2000). The lack of accu-
racy of the clinical diagnosis certainly implicates
the development and use of specific point-of-care
assays for decision concerning treatment. Though
probably better than the clinician, the ones avail-
able still lack substantially in performance related
to reference methods (Table 2), and well equipped
laboratories for confirmation of influenza diag-
noses and for epidemiological surveillance re-
mains a necessity. Only with the combination of
point-of-care devices, the use of a well equipped
laboratory for confirmation of all unclear cases,
and a well structured surveillance system for mon-
itoring of influenza in the society can optimal
patient treatment be obtained.

2.2. A�ailability of laboratory diagnosis of
influenza

When facilities for rapid diagnosis are close and
allowing for a diagnosis on the day of sampling,
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Table 2
Influenza diagnostic comparative analysisa

Quick Vue® QuidelDirectigen® BectonZstatFlu™ Zyme FLU OIA® BioStar
Tx Dickinson

Detects influenza types A and B A only A and B A and B
ModeratelyModerately complexModeratelyCLIA categorization Moderately complex
complexcomplex

Total assay time 20 min 15 min 15 min 10 min
Technician attended 2 min 15 min 15 min 1 min

time
TS, NPW, NPA, NPSSpecimens used TS, NS, SP, NATS NS, NPW
88–97%Specificity 52–80%99% 95–99%
67–96% 62–88%62% 73–82%Sensitivity

$18.00Retail cost $18.00 $16.50 $18.99
Antigen–antibodyNeuraminidase Antigen–antibodyTechnology used* Antigen–antibody

enzyme
Detects all strains Yes No No No

4Number of steps 9 7 2
HOSP HOSP/POLPOL/HOSP POL/HOSPBest market

Currently inProduct launch Currently in market Currently in Tentative 12/1/99
market Limited availabilitymarket
Room Room temperature 4–8°C Room temperatureStorage conditions
temperature

MonthsShelf life 1 year3 years 1 year
Yes with media YesPortability 1 h24 h

a *TS, throat swab; NA, nasal aspirate; NPW, nasal pharyngeal wash; NPA, nasal pharyngeal aspirate; NPS, nasal pharyngeal
swab; S, nasal swab; SP, sputum.

frequent samples are likely to be sent, at least
from hospital doctors with an interest in infec-
tious diseases. During the last 3 years, about 20
influenza diagnoses per 106 population (2000 to-
tally) have been reported in Sweden. This is prob-
ably a relatively high number; comparisons are
lacking. The reason is the availability of rapid
diagnosis at many laboratories, but it is still al-
most only from patients coming to the hospital
that samples are taken. The rapid method used is
almost invariably immunofluorescence (IF), and
the recommended samples, nasopharyngeal aspi-
rates, are regarded as major obstacles for the
general practitioners (GPs). The analyses are also
relatively expensive, the sending of samples is
complicated for medical personnel not in the hos-
pital setting, and the value of a confirmed influ-
enza diagnosis is yet not appreciated by GPs.
Though the assays for antigen detection in the
laboratories can be performed within an hour,

sending and handling of the specimen take time,
and in reality it is an achievement if the result is
reported on the same day as the specimen was
taken. A conservative estimate of around 5% of
the population falling ill with influenza yearly
gives 500000 cases each of these 3 years, and thus
a reported laboratory diagnosis only in 0.4% of
cases. This is probably too little to be the basis for
decisions on treatment, both individually and if a
local, epidemiological confirmation of influenza is
regarded sufficient for initiation of treatment.
Good point-of-care diagnostics are again a neces-
sity for confirmation of diagnosis in the outpa-
tient setting.

2.3. Diagnostic methods, their reliability and test
e�aluations for influenza

The main principles for diagnosis of influenza
are virus isolation in embryonated hens eggs or
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cell culture, including rapid culture with antigen
detection; antigen detection in situ, most fre-
quently by immunofluorescence; solid phase im-
mune assays (EIAs) for antigen, and genome
amplification (Harmon, 1999). One commercial
rapid assay is based on detection of influenza
neuraminidase activity (Noyola et al., 2000).
Apart from the last mentioned it is mainly the
EIA principle that has been used in the point-of-
care KITs that are now coming on the market
(Table 2). A prerequisite for their usefulness and
success is that they are adequately evaluated, and
that true information on their efficiency is spread
to the users. A higher degree of standardization
on what should be included such evaluations, and
how they should be presented also in peer re-
viewed journals is desirable to facilitate compari-
son between evaluations, and identification of
reasons for discrepant results when the same assay
is used in different studies.

General standards to adhere to in test evalua-
tion have been suggested, but very few published
evaluations fulfil all, or even most, of the criteria
(Reid et al., 1995). For example, when a new
method is evaluated, it is extremely important to
settle the reference method to which it is going to
be related. Virus isolation has until recently been
the reference method for diagnosis of influenza.
Unfortunately, the isolation method varies in
quality between laboratories, and might even do
so at the same laboratory with time, if the suscep-
tibility of the cells is not subject to continuos
internal quality control. Different influenza
strains might also vary in capacity to grow. The
quality of submitted material may vary with e.g.
long transports affecting the viability of the virus.
Genome amplification which is more sensitive,
easier to standardize and does not demand viable
virus will probably soon replace virus isolation as
the reference method. In the meantime it has
become common to use combinations of methods
as reference (Magnard et al., 1999), but if that is
done all materials have to be examined with all
methods, which is not always the case.

The result of an examination is still often de-
pending on individual skill, such as preparation of
slides and reading of IF assays. Like the clinical
evaluation of a patient, results may thus vary

depending on the examinator, and published eval-
uations may not be valid in the setting where they
are later used. The most recent textbook on ‘Lab-
oratory Diagnosis of Viral Infections’ gives a
summary sensitivity of 70–100% of IF for influ-
enza antigens in comparison to virus cultivation
and of 53–91% of EIAs. In relation to cultivation
the specificity of assays for antigen detection is
seldom 100%, whether due to truly false positive
reactions, or due to that virus has been inacti-
vated during, e.g. transport has not till now not
been firmly settled. However, gene-amplification
techniques can detect also non-infectious viral
genomes, and might solve the problem of specific-
ity. Though information from literature is some-
what contradictory, gene amplification probably
has 30–50% higher sensitivity that virus cultiva-
tion (Cherian et al., 1994; Ellis et al., 1997;
Pregliasco et al., 1998; Magnard et al., 1999). The
problems of contamination should be possible to
solve, but the mere control of amplicon contami-
nation frequently practiced is not sufficient. The
whole laboratory process should be monitored by
inclusion of negative samples from the onset of
the processing of the sample at the laboratory in
order to guarantee reliable positive results.

If an assay should be used for the determina-
tion of treatment, it is the diagnostic accuracy
within 2 days after onset of disease in the patient
that should be the goal, since treatment should
start within that time limit to be of value. This
prerequisite has to my knowledge not been in-
cluded in any evaluation of diagnostic devices,
and lowering of sensitivity of virus cultivation in
comparison with PCR time after onset of disease
has been shown (Cherian et al., 1994). Most
likely, many rapid assays will prove more accurate
during this early phase of disease than later, in-
creasing their practical usefulness.

There are four registered point-of care KITs for
rapid diagnosis of influenza A and B, and one
that detects only influenza A (Table 2). Only
evaluations of three of these have been published
in peer-reviewed articles (Todd et al., 1995; Mar-
cante et al., 1996; Kaiser et al., 1999; Noyola and
Demmler, 2000; Noyola et al., 2000) to mention
some. According to a recent summary of the
producers own evaluations (Table 2) their sensi-



A. Linde / Anti�iral Research 51 (2001) 81–9486

tivities and specificities are quite variable. The
most important for treatment of influenza is spe-
cificity, since a positive influenza diagnosis implies
also non-treatment with, e.g. antibiotics. Since
influenza is normally self-limiting, but a sep-
ticemia or a bacterial pneumonia may be lethal, a
false positive diagnosis may become truly deleteri-
ous. Definitive demands concerning accuracy of a
diagnostic assay are difficult to settle, and depend
on the specificity of the clinical diagnosis. If it is
correct in 80% of cases, as in the best studies
sampling from every patient, laboratory verifica-
tion is hardly defendable. If it is 30%, as in studies
of elderly, laboratory verification is far more im-
portant. A sensitivity of around 90% and a spe-
cificity of �95% with a sensitive PCR as the
reference method, and during the first 2 days of
disease, is probably a minimum requirement to
defend the extra cost that testing implies. Future
evaluations of point-of-care assays should, how-
ever, also include the evaluation of the accuracy
of the clinical diagnosis, thereby allowing for an
estimation of how testing should be used to be
economically defendable.

Reliability of virological methods demands
highly standardized performance from well-edu-
cated staff, KIT-independent controls and exter-
nal quality control-quality control. There is an
increasing awareness of these demands at labora-
tories, but maybe not that the demands have to be
similar for point-of-care diagnostics as for tests
performed at the laboratories. The expense of
EQC may become another obstacle for the use of
point-of-care diagnostics by the GPs, but experi-
ence points to that EQC is a necessity, and it
should be a demand for accreditation of a
method.

EQC can only encompass selected samples, and
not the testing of large numbers of samples that
are needed in the initial evaluation of a method.
However, if one method fails in EQC at many
places, both producers and users have to be in-
formed so that the reason can be settled. The
results of EQC for in situ detection of influenza
antigens performed by the External Quality Con-
trol Assessment in Sweden (Equalis) are presented
(Table 3). A low sensitivity for influenza B detec-
tion was identified repeatedly. Only assays used

by a large enough number of participants can be
evaluated. However, repeatedly the direct IFA
with Imagen antibodies failed more frequently for
influenza B than the indirect assay by Chemicon,
and investigations are now being performed to
find out whether this is due to the antibody
quality or to a higher sensitivity of the indirect
staining method.

2.4. Ease by which the specimen can be obtained
for influenza diagnosis

Painful and complicated sampling is a major
obstacle to obtain specimen, especially if children
are involved. Throat- or nasal swabs are generally
accepted. Influenza isolation is often made on
nasal or throat swabs, or combined materials.
However, for optimal results they should be sent
in cultivation medium, and medium tubes could
be difficult to store for infrequent users. For
antigen detection with IFA, nasopharyngeal aspi-
rates are ideal, and these can be used also for
virus isolation, PCR and EIA, provided that they
are not too diluted in medium or saline. Nasopha-
ryngeal swabs eluted in a small amount of fluid,
or spread on at a slide spot for in situ examina-
tion, probably give a higher sensitivity than nasal
and throat swabs, but are more painful for the
patient. In hospital settings, nasopharyngeal aspi-
rates are not a major obstacle, but in my experi-
ence GPs are less prone to perform this kind of
sampling, though mostly they can accept a

Table 3
External Quality Control in Sweden performed by External
quality assurance in laboratory medicine in Sweden (Equalis)a

Source of InfluenzaInfluenza Influenza B
A/H3anitbodies A/H1

89/114 (78%)Imagen* 97/102 (95%) 83/93 (89%)
56/58 (97%)48/50 (96%)Chemicon** 52/52 (100%)

WHO** 14/14 (100%) 14/15 (93%)9/10 (90%)
6/6 (100%)Biosoft/Argene* 5/6 (83%) 5/7 (71%)

4/4 (100%)Biotrin* 4/4(100%) 4/4(100%)

a Influenza antigendetection by in situ IFA 1994–1999. Fre-
quency of correct analyses. *direct staining; **indirect stain-
ing.
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nasopharyngeal swab. In one of the few studies of
suitable samples for a point-of-care EIA method,
nasal and bronchial aspirates also proved most
sensitive (Covalciuc et al., 1999). More studies on
suitable material should be performed. It is prob-
ably feasible to get acceptance for nasopharyngeal
swabs instead of nasal or throat swabs, if the
accuracy of an assay is dramatically changed.
Aspirates will probably not be provided by GPs
unless new, easy-to-use devices as used in the
previously mentioned study (Covalciuc et al.,
1999), are adapted and marketed for this kind of
sampling.

2.5. Urgency of influenza diagnosis

Influenza itself is normally not an urgently life-
threatening disease, but to obtain effect of antivi-
ral treatment an urgent onset of therapy is
necessary. In most cases, there has already been a
time delay for the patient to get in touch with the
doctor, and the results of the laboratory diagnosis
must be obtained within a few hours to be of
guidance without jeopardizing the effect of treat-
ment. If an influenza patient is visiting the doctor
or the doctor the patient, there is a great likeli-
hood that neither is willing to wait for an even
few hours before a decision is taken. A clinical
diagnosis or point-of-care devices seem to be the
only options to allow for a rapid enough decision
on whether to treat or not.

2.6. Se�erity of the influenza disease

The secondary bacterial complications are the
main problems and big killers during influenza
epidemics. It has, however, been indicated that
early antiviral treatment of medical risk groups
significantly diminishes the risk of bacterial com-
plications. If proven, the antiviral treatment will
be extremely important for prevention of severe
disease the medical risk groups. New pandemic
influenza strains may also cause more severe dis-
ease and be a threat per se, but when such a strain
will appear no one knows. In the elderly, as
mentioned above, the influenza diagnosis is more
of a challenge than in young and middle-aged,
and especially so in vaccinated persons. An urgent

laboratory examination could be indicated in all
patients at risk for severe disease to allow for a
correct treatment and thereby diminish the risk
for a lethal outcome.

2.7. Side effects of anti�irals against influenza

The likelihood that doctors will prescribe medi-
cation without any laboratory confirmation is
high with a treatment with the insidious side-ef-
fects so far documented for the neuraminidase
inhibitors (Hayden et al., 1997; Freund et al.,
1999; Gubareva et al., 2000). For many reasons
this is still not desirable, one of the main being
that the reputation of the medication will deterio-
rate if too many patients don’t get alleviation
since they don’t have influenza. If the lack of
severe side effects is indeed verified, the same
diagnostic strategy as for herpes simplex en-
cephalitis could be used; draw a diagnostic sam-
ple, give the first one or two doses, and await
laboratory confirmation before continuation of
therapy. Since the next dose will not be given until
after 12 h this is a possible approach. The ap-
proach would be less costly than a full cure in a
non-influenza patient, but impractical for out-pa-
tients. Since the neuraminidase inhibitors have no
effects on any infectious agent but influenza, there
is no risk of development of any resistance if
influenza is not there. However, if the virus is
indeed there, and the clinical diagnosis correct,
but not verified due to inaccurate laboratory
methods, the resulting, incomplete treatment may
facilitate resistance. The approach demands very
sensitive methods for laboratory detection of
influenza.

2.8. The duration of treatment and the cost of
treatment

Five days of treatment, twice daily, is probably
no major problem for the individual patient.
Whether or not cost will be a problem for the
patients depends on rules for reimbursement,
which vary between countries. If fully reimbursed,
treatment including the necessary visit to the doc-
tor may become a major concern for governments
and insurance companies. The debate around the
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cost-benefit of the new substances has been inten-
sive in many countries. Probably the risk for
overuse will increase the demand for laboratory
diagnosis from the paying authorities. On the
other hand someone has to pay for the examina-
tions as well. These are often almost as expensive
as the medication, leading to very difficult eco-
nomic considerations.

2.9. Risk of resistance de�elopment

Since bacterial complications is the main prob-
lem for which patients go to the doctor in connec-
tion with influenza, it is maybe not the resistance
against the antivirals, but aggravation of the resis-
tance of bacteria to antibiotics that is the truly
severe consequence. As mentioned, the risk for
development of resistance against the neu-
raminidase inhibitors is not well evaluated, but
there is no risk of resistance if a patient without
influenza is treated since the substances are influ-
enza-specific. In contrast to what is seen with
bacteria, there is no known normal viral flora that
can develop and spread resistance factors. If a
certain virus strain becomes resistant, we are no
worse off than before the introduction of the
neuraminidase inhibitors. If we choose not to
treat in order to save the drug for a pandemic,
there will be no reason for companies to produce
the drug, and no drug available when the crisis
appears.

It is not only the risk of resistance to the
antiviral agents that might be important, but also
that treatment could increase the likelihood of
critical mutations within the haemagglutinin, cre-
ating new antigenic variants more rapidly than
normal. Though such mutations have only been
demonstrated in the laboratory setting (Blick et
al., 1998; Tai et al., 1998) they still might appear
with widespread use of neuraminidase inhibitors.
At present, a laboratory diagnosis in each patient
is not defendable to prevent appearance of resis-
tance, but influenza viruses must be isolated sys-
tematically, and the situation in the society closely
monitored. An organization for monitoring resis-
tance and mutations, involving among others the
WHO influenza reference laboratories has been
created.

2.10. Cost for diagnosis of influenza

The cost for the test KITs at the American
market (Table 3) is probably more than what is
acceptable by most GPs for a routine examination
in European countries, using far less $ per capita
for health care than the US (Fedson et al., 1997).
In, e.g. Sweden a still higher price is accepted for
influenza examinations at the microbiology labo-
ratories, but these examinations are used for the
epidemiological influenza surveillance as well.
Further, the in-hospital patients from which the
samples most frequently are drawn are probably
more severely ill than out-patients, and a diagno-
sis therefore more urgent. In times of epidemics,
there is also a shortness of hospital beds. It is
important to identify influenza cases so that the
patients can be put in the same rooms. For these
purposes, a higher cost can be accepted than if the
sample should be drawn to decide on whether or
not to give a medication thought to be relatively
free of side effects to a patient healthy enough to
stay at home.

2.11. The importance of influenza isolation

For influenza, the diagnostic methods used for
deciding whether to treat or not, can never replace
the virus isolation that has to be performed for
epidemiological purposes, and for monitoring of
antiviral resistance. Samples must systematically
and continuously be sent to the regional and
central laboratories for these purposes, even if the
diagnosis per se often can be rapidly established
by a simple point-of-care assay.

3. Treatment of herpes simplex

There is an increasing number of antiviral sub-
stances against herpes simplex (Sasadeusz and
Sacks, 1993). The nucleoside analogue aciclovir
for treatment of herpes simplex (HSV) has been in
use for 20 years. Side effects are few, and the risk
for development of resistance limited at treatment
of immune-competent persons, while it is fre-
quently seen in severely immune-suppressed pa-
tients after long term use. The bioavailability of
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aciclovir is low, and high doses needed at oral
administration. Valaciclovir and famciclovir are
better resorbed, and allow for efficient oral use.
However, the cost of these preparations is higher
than for aciclovir, and despite lower doses, the
price for equal efficiency is not lower in all coun-
tries. If the nucleoside analogues fail, foscavir is
the main alternative. This drug can only be given
parenterally, and has severe side effects.

Treatment of HSV is depends upon the kind of
disease caused in the individual patient. The
agreement that herpes simplex infections of CNS,
eye and generalized disease in newborn or atopic
children should be treated is total. Severe, chronic
herpes in, e.g. AIDS patients is probably also
always treated in the Western world, despite the
risk of resistance. In the long run, there will
probably also be a consensus that severe, primary
oral or genital herpes should be treated, provided
that the doctor sees the patient early enough.
Policies for treatment of recurrences, HSV in
pregnancy and the use long-term prophylactics
against recurrent genital HSV certainly may vary
between and within countries, and probably also
the likelihood that a laboratory diagnosis is de-
manded before onset. Below, various aspects on
diagnosis of HSV are discussed in relation to
Table 1.

3.1. Accuracy of the clinical diagnosis of HSV

The general concept is probably that HSV le-
sions are easy to diagnose clinically, but most
systematic studies prove the opposite. Typical
cases of HSV skin lesions, often seen at the pri-
mary infection, can mostly be diagnosed accu-
rately, but VZV might frequently be misdiagnosed
as HSV (Rubben et al., 1997), and there are
atypical presentations. Herpetic gingivostomatitis
in children can often be misdiagnosed, and re-
garded, e.g. as teething difficulty (King et al.,
1992). Genital herpes is often atypical, or not
recognized at all (Cowan et al., 1996; Morse et al.,
1997; Behets et al., 1999). Encephalitis, meningi-
tis, visceral or generalized herpes and neonatal
herpes are often atypical in presentation
(Schlesinger et al., 1995; Linde et al., 1997; Malm
and Forsgren, 1999), and laboratory confirmation

necessary. So are manifestations among immune-
compromised individuals. Probably a plethora of
neurology symptoms might be ascribed to HSV2
recurrences. These are difficult to recognize clini-
cally and to diagnose accurately even by PCR on
cerebrospinal fluid (CSF).

3.2. Diagnostic methods, their reliability and test
e�aluations for HSV

In principle, the methods that can be used to
identify HSV are the same as for influenza (Co-
hen, 1994). The choice of method varies depend-
ing on disease. Virus isolation is regarded the gold
standard for diagnosis of herpes in blisters, and
especially during the first days of infection it is
probably a very accurate method. Antigen detec-
tion in lesion material, either by ELISA or IFA
usually has a sensitivity of about 80–90% in
comparison to cultivation, but results from differ-
ent studies are highly variable. The specificity of
antigen detection in relation to virus isolation is
often similar, and some of this lack of specificity
is instead lack of sensitivity of the standard culti-
vation. Like for influenza, genome amplification
techniques have turned out to be most sensitive
(Rubben et al., 1997; Slomka et al., 1998; Coyle et
al., 1999; Fang et al., 1999; Madhavan et al.,
1999; Espy et al., 2000), and are on their way
replace virus isolation as reference method. For
CSF, it has offered completely new diagnostic
possibilities (Lakeman and Whitley, 1995; Klap-
per and Cleator, 1997; Linde et al., 1997; Mitchell
et al., 1997), and the technology is developing
rapidly (Hofgartner et al., 1999). Quantitative
DNA assays for monitoring of therapy will prob-
ably be used in patients with suspected therapy
failure in the future. DNA detection has also
become increasingly important for ocular disease
(Kowalski et al., 1993; Knox et al., 1998). With
improved methodology allowing assays for spe-
cific DNA to be performed within less than 1 h,
they may replace both antigen detection and virus
isolation at many laboratories for all kinds of
herpetic lesions. There is a fear that the high
amount of HSV in, e.g. blister material will in-
crease the risk of contamination, but with care
contamination problems can probably be fully
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abolished. Assays for DNA will certainly im-
prove the accuracy of the laboratory diagnosis
and thereby the proneness of the clinician to
send specimens.

Antibody detection is seldom useful as guid-
ance for treatment since antibodies appear too
late after the primary infection, and titre
changes are difficult to detect after recurrences.
However, some authors strongly encourage the
use of serological assays for detection of HSV2
antibodies in patients, in order to identify those
with genital herpes (Ashley, 1998; Ashley and
Wald, 1999). However, the accuracy of the as-
says (Field et al., 1993) and consequences and
measures if the patient is seropositive have to be
well defined before general screening is intro-
duced, and the increasing commonness of genital
HSV1 may lessen the value of screening for
HSV2 antibodies for identification of genital
HSV.

The demand for quality monitoring and con-
trol is as high for HSV as for influenza, and the
details will not be repeated here. Within the
framework of European Union Concerted Ac-
tions, quality assurance panels for HSV nucleic
acid detection has been sent to 68 laboratories
in 1999. Most laboratories perform acceptable,
but for 31% the results were poor or mediocre,
and in 5% contamination of negative specimen
were detected (see www.qcca.org.uk).

3.3. A�ailability of laboratory diagnosis for HSV

Diagnostic methods for HSV are normally
confined to the well-equipped microbiology labo-
ratory. Since the cultivation of virus is relatively
easily performed, laboratories that have any type
of cell culture usually perform HSV isolation.
HSV genome detection is also routine at most
large microbiology laboratories. Antigen detec-
tion, mainly by in situ methods in preparations
from blister cells but also with ELISA is the
most rapid method for diagnosis, but still the
handling of the samples delays the result. A re-
sponse on the same day as the sample arrives is
normally the best that can be obtained.
Availability of antigen detection varies, to some
extent due to the tradition of the laboratory.

Those laboratories that have tradition of antigen
detection by in situ methods will use these ex-
tensively for many agents, but others find them
to laborious and subjective.

There are diagnostic devices for point-of-care
use. There is also one for HSV2 antibody detec-
tion. Easy-to-use KITs for demonstration of
antigens have started to appear. However, the
non-epidemic character of HSV with only spo-
radic cases by most GPs may make them less
prone to store HSV KITs for infrequent use
than KITs for influenza. Specialists, such as der-
matovenereologists and ophthalmologists, who
might also prescribe treatment to out-patients. If
they are not in a hospital setting with easy ac-
cess to laboratory facilities these would probably
gain from having diagnostic facilities of their
own.

3.4. Urgency of an HSV diagnosis

Herpes simplex encephalitis and neonatal her-
pes infections are life threatening, and immediate
onset of therapy is demanded at a likely diagno-
sis. Herpes of the eye and visceral manifestation
in immune-compromised patients should also be
treated as soon as possible. Since aciclovir has
few side effects, the normal procedure is to start
therapy, and stop it after 1–2 days, if the diag-
nosis can not be verified. Diagnostic approaches
for verification of herpes encephalitis have been
reviewed (Linde et al., 1997). Genome amplifica-
tion on CSF is the method of choice for a rapid
diagnosis today, and few virological methods
have been so thoroughly verified to be optimal
for their purpose. Samples to be sent to the
laboratory should be drawn as soon a possible,
but genomes detectable by amplification tech-
niques do not disappear immediately with treat-
ment. If pre-treatment samples have not been
obtained, later sampling for verification of diag-
nosis is worth-while since genomes can be de-
tected in CSF for up to weeks after onset of
treatment (Aurelius et al., 1991). For many
other manifestations of herpes simplex, the rea-
son to obtain a rapid diagnosis is the same as
for influenza- if therapy is not started rapidly it
has no effect.
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3.5. Se�erity, side effects, duration, cost and risk
of resistance for anti�iral drugs against HSV

Only the very urgent manifestations of herpes
have consequences severe enough for the doctor
to feel obliged to verify the cause of disease.
Herpetic ulcers are painful and contagious, but
not life threatening. This probably can induce
certain neglect in the diagnostic work-up, and the
very limited side effects and risk of resistance of
the treatment in otherwise healthy individuals
(Laufer and Starr, 1995) may further encourage a
less demanding attitude towards a confirmed diag-
nosis. However, the cost of treatment, especially if
long-term treatment is planned, demands a firm
diagnosis before onset of therapy. An isolate be-
fore therapy also will help in monitoring of resis-
tance, and should definitely be encouraged in
immune-compromised patients. Ideally, in any
suspected recurrence occurring during therapy
and prophylactics, virus should be examined for
resistance. However, monitoring of resistance on
an individual basis is probably not a feasible
strategy for long-term prophylactics for genital
herpes, but projects to keep control of the situa-
tion in different settings should be encouraged.

A completely neglected reason to be careful
with the use of nucleoside analogues is that there
is a replicating normal flora of herpesviruses such
as cytomegalovirus, Epstein–Barr virus, human
herpesvirus 6 and 7 and possibly varicella-zoster
virus in seropositive individuals. These her-
pesviruses are all more or less sensitive to ACV.
Like bacteria of the normal flora, they may de-
velop resistance with the sub-optimal treatment
given when the more sensitive HSV is treated. To
see severe consequences from this may seem far-
fetched, but it is an addition to other factors
indicating strict indications and a firm diagnosis
before onset of long term therapy of HSV ulcers.

3.6. Ease by which the HSV specimen can be
obtained

Blisters are easily accessible, and the main
problem in specimen collection is to get represen-
tative material from the blisters, especially in
preparations made for antigen detection in situ.

Instructions for specimen collection should be
available from the laboratory, as well as transport
medium for virus isolation. Since HSV is rela-
tively stable, transport is not a major problem. In
encephalitis and meningitis, CSF is the material of
choice, and since it is normally drawn in meningi-
tis or encephalitis of any severity it is not a major
problem to obtain. With suspicion of neonatal
disease, a variety of samples, including serum for
PCR are of value (Malm and Forsgren, 1999),
and none of them is complicated to draw. For
keratoconjunctivitis and retinal necrosis, PCR on
swab material from the conjunctival sac and on
vitreous fluid, respectively, will probably be the
method of choice. Problems concerning specimen
collection might occur in suspected visceral mani-
festations in immune-compromised patients,
where lavages and biopsies may be necessary.
How to routinely demonstrate HSV in various
neurological conditions such as facial palsy and
various neuralgic conditions probably due to HSV
is still not firmly settled.

3.7. Cost for HSV diagnosis

The cost for HSV diagnosis is usually some-
what lower than for influenza, since most method-
ologies are simpler to perform. The systems for
virus isolation are more stable, and many cell-
lines can be used. Preparations made by the clini-
cian and not at the laboratory are used for in situ
antigen detection, and genome amplification does
not demand reverse transcription. Still, the price
is much higher than for most bacterial cultivation,
and the price for point of care devices will proba-
bly be similar as for influenza. At least for short
term treatment there might be a resistance to use
laboratory verification due to the cost.

3.8. The importance of HSV isolation

A laboratory verification of a herpes diagnosis
is always desirable before onset of treatment, but
especially in severe disease and before long-term
prophylactics. Like for influenza, virus isolation
must be retained despite the availability of simpler
methods, to allow for monitoring of resistance
and strain changes.
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