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ABSTRACT: In this study we aimed to determine the incidence of herpes simplex
virus (HSV) in the lungs of burns patients, and its association with the presence
of adult respiratory distress syndrome (ARDS) and pneumonia.

Haematoxylin and eosin (H&E), and immunohistochemical (IHC) staining for
HSV was performed on lung tissue from 54 patients who had died following burn
injury and from nine control cases. Polymerase chain reaction (PCR) for HSV
deoxyribonucleic acid (DNA) was performed on a subset both of burns cases and
controls.

No viral inclusions were detected in H&E sections, but 50% of the burns cases
were positive for HSV by IHC staining; no control cases were positive. Nuclear
and cytoplasmic immunopositivity for HSV was seen in macrophages and epithe-
lial lining cells. HSV was strongly associated with ARDS (p=0.007), but not with
pneumonia (p=0.577). The relative risk of HSV infection was higher for cases with
ARDS (2.21) than for those with pneumonia (1.26). PCR for HSV DNA was pos-
itive in three out of five burns cases, and in one out of five control cases.

Immunohistochemical staining is more sensitive for the detection of herpes sim-
plex virus than haematoxylin and eosin staining for detection of viral inclusions.
Burns cases have a high incidence of pulmonary herpes simplex virus infection.
Polymerase chain reaction results may not be fully representative due to problems
of tissue necrosis postmortem. Pulmonary herpes simplex virus is strongly associ-
ated with adult respiratory distress syndrome and the two may be causally linked.
Early detection and treatment of pulmonary herpes simplex virus in burns patients
may reduce pulmonary complications and mortality.
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Patients with severe cutaneous burns have a high
mortality, largely due to respiratory complications [1],
which are more severe in those with associated thermal
lung injury. Pulmonary infection [2, 3] and the adult
respiratory distress syndrome (ARDS) [4, 5] are com-
mon and difficult conditions to treat in these patients.
Both conditions are associated with increased morbidity
and mortality.

Whilst viral infections have been considered relati-
vely unimportant in burns patients [6], several reports
have suggested that herpes simplex virus (HSV) may
be detected in the lower respiratory tract of a large
proportion of patients with burns or ARDS [7, 8]. How-
ever, identification of the presence of HSV in these
patients has relied on the detection of viral intranuclear
inclusions in haematoxylin and eosin (H&E) stained
sections. This method may have a low sensitivity, since
the lungs of burns patients are often inflamed and may
be necrotic as a result of bacterial pneumonia and/or
ARDS. These conditions may mask viral inclusions.

To confirm that HSV infection may be found in the
lungs of patients with thermal injury, its presence was
investigated using conventional H&E and immunohis-
tochemical staining, in situ hybridization and polymerase
chain reaction (PCR) on paraffin wax-embedded forma-
lin-fixed tissues from fatal cases.

Methods

Samples of lung tissue, embedded in paraffin wax,
were selected from archival files of autopsy cases. Ma-
terial was available from 54 burns patients. Review of
the clinical notes revealed no suspicion of pulmonary
HSV infection at the time of death. The control group
comprised nine patients who died immediately follow-
ing road traffic accidents. The number of lung blocks
examined in each case varied from one to 14, with a
mean of three.

Tissue was fixed for 24–48 h in buffered 10% formol
saline and routinely processed to paraffin wax blocks.
Sections from these blocks were cut at 4 µm and dried
onto slides at 35°C overnight. H&E stained sections were
examined to determine the pathology of the pulmonary
disease and were screened at high magnification (×400)
for viral inclusion bodies.

Immunohistochemistry

Further sections were stained with a polyclonal rab-
bit antibody to HSV type 1 (HSV-1) (B0114; Dako,
UK) using an indirect avidin-biotin complex immuno-
peroxidase method, with trypsin pretreatment and dye



precipitation with diaminobenzidene. This antibody is
prepared from HSV-1 infected rabbit cornea cells, but
acts against both type-specific and type-common anti-
gens (i.e. types 1 and 2). Differences in frequency of
HSV positivity between groups were tested by the χ2

test of association, using 95% confidence limits to indi-
cate the precision of approximation of the study estim-
ates to population values.

In situ hybridization

Blocks from five burns cases positive for HSV anti-
gen by immunohistochemistry, and from five control
cases were selected for further study by in situ hybri-
dization and PCR. In situ hybridization [9] was per-
formed for the detection of HSV nucleic acid using an
800 base pair (bp) biotinylated probe pA29 [10], homo-
logous with a region of the HSV thymidine kinase (TK)
gene.

Paraffin sections were dewaxed in citroclear, rehy-
drated through graded alcohols and pretreated with 1.2
µg·mL-1 pepsin in 0.01 M HCl at 37°C for 1 h. Cellular
and probe DNA were denatured simultaneously at 80°C
for 10 min, and hybridized overnight at 42°C. The probe
was delivered in hybridization buffer (2 × sodium chlo-
ride/trisodium citrate (SSC), 50% formamide, 5% dex-
tran sulphate, 0.1 mM ethylenediamine tetra-acetic acid
(EDTA), 0.5 mM Tris-HCl (pH 7.3), and 20 ng·µL-1 her-
ring sperm DNA). Sections were washed twice for 20
min at room temperature in 2 × SSC, and twice for 20
min at 56°C in 0.2 × SSC posthybridization. Hybridi-
zed probe was detected via a streptavidin/alkaline phos-
phatase conjugate and dye precipitation with nitro blue
tetrazolium and bromo-chloro-indolyl phosphate [11].
Sections were independently examined by three of the
authors (CD, PEK and GMC).

Polymerase chain reaction

Paraffin sections were dewaxed and DNA extracted
by digestion with proteinase K and sodium dodecyl sul-
phate (SDS), followed by phenol/chloroform extraction
and ethanol precipitation [9]. Precipitated DNA was
resuspended in 50 µL of sterile distilled water and 5 µL
of this was used in the PCR. The PCR reaction mixture
consisted of 100 nM of each oligonucleotide primer
(oligonucleotide primers which amplify a 351 bp frag-
ment within the HSV-1 TK gene [12]), 200 µmol de-
oxynucleotide triphosphates (dNTPs), 0.05 M KCl, 2
mM MgCl2,, 0.02% bovine serum albumin (BSA) and
2.5 units of Taq polymerase in 0.01 M Tris-HCl at pH
8.3. The reaction mixtures were subjected to 50 cycles
at 94°C for 2 min, 50°C for 1.5 min, and 70°C for 2
min. Reaction products were analysed by agarose gel
electrophoresis and Southern blotting, using a 128 bp
probe for a region within the 351 bp amplicon [12].

Results

The burns patients (23 females and 31 males) were
aged 18–90 yrs, mean 56 yrs. The control subjects (6

males and 3 females) were aged 22–83 yrs, mean 46
yrs. Length of survival after burn injury was documen-
ted in 44 cases and varied from less than 1 h to 60
days, with a mean of 9 days. The percentage burn, also
documented in 44 cases, ranged 1–90%, with a mean of
36%. Cases in which the percentage burn was low were
elderly (>80 yrs) or were associated with facial invol-
vement. In addition, one patient aspirated gastric con-
tents following a 5% facial burn.

Mean duration of survival and mean percentage burn
were similar both in HSV positive and negative cases
(7.9 vs 10.8 days, and 35.4 and 39.2% respectively; nei-
ther difference being statistically significant).

Bacterial pneumonia was identified histologically on
the basis of neutrophil infiltration in 21 of the 54 cases,
whilst ARDS was diagnosed on the basis of hyaline
membrane formation in 16 cases; evidence of both was
present in 11 cases. No significant pulmonary pathology
was identified in 28 cases. Many of these patients were
elderly and died either of intercurrent disease exacer-
bated by burn injury, such as ischaemic heart disease,
of other complications of burn injury, such as septi-
caemia, or of unrelated disease during hospitalization,
such as pulmonary embolus. The range of percentage
burn was similar in those with and without pulmonary
involvement (2–80% and 1–90%, respectively), though
the mean percentage burn in those with no pulmonary
disease was significantly lower than in those with dis-
ease (28 and 44%, respectively; p<0.05).

Typical herpetic viral inclusions were not detected
in H&E sections from either the burns cases or the
control group. However, immunopositivity for HSV
was found in 27 of the 54 burns cases (50%). Staining
was focal and mainly cytoplasmic, though nuclear stain-
ing was also present. Staining was observed in intra-
alveolar and interstitial macrophages, and in epithelial
lining cells (fig. 1). None of the nine controls were posi-
tive; this difference was significant (Fisher exact test
p=0.008). The control group was small due to the diffi-
culty in finding suitable subjects, but the results were
nonetheless statistically significant.

Immunohistochemical positivity was strongly associa-
ted with ARDS but not with pneumonia. Thirteen out of
the 16 (81%) ARDS cases were positive, compared with
14 of the 38 (37%) non-ARDS cases (χ2(1)=7.194; p=
0.007) (table 1). The relative risk of HSV positivity in
those with ARDS compared with those without ARDS
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Fig. 1.  –  Immunopositivity for herpes simplex virus in epithelial
lining cells and interstitial macrophages.



was 2.21 (95% confidence limits (95% CL) 1.37–3.56).
Conversely, 12 out of the 21 (57%) cases with pneumo-
nia were positive, compared with 15 of the 33 (46%) ca-
ses without pneumonia (χ2(1)=0.312; p=0.577) (table 2).
The relative risk of HSV positivity in those with pneu-
monia compared with those without pneumonia was 1.26
(95% CL 0.74–2.13). Eight of the 11 (73%) cases with
both pneumonia and ARDS were positive. HSV was
detected in 9 of the 28 (32%) cases without evidence
of pulmonary disease.

HSV was detected by in situ hybridization in one
of five blocks selected from the burns patients, but in
none of the five control blocks. HSV was detected by
PCR in three of the blocks from burns cases, and in
one of the controls (table 3). PCR amplification of the
beta-globin gene showed efficient extraction of DNA in
each case.

Evidence of acute damage in the large and small air-
ways, demonstrated by either acute inflammation or
epithelial sloughing, was present in 19 cases and absent
in 35. Further analysis of these two groups showed no
significant differences in the incidence of either ARDS
or bronchopneumonia between the two groups; ARDS
alone was present in one case with airways damage
and four without, bronchopneumonia in four with and
six without, both in seven with and four without, and
neither in seven with and 21 without. Similarly, HSV
was detected in nine cases with damage and 10 with-
out, and was absent in 17 with and 18 without.

Discussion

No herpetic inclusions were seen in H&E sections,
but using IHC staining 50% of the burns cases were
positive for HSV, whilst none of the control cases were
positive. Ideally, culture should be used to confirm the
presence of HSV but, in the absence of clinical suspi-
cion, this was not carried out at the time of autopsy and
cannot be done using archival material. The presence
of HSV was strongly associated with ARDS (p=0.007)
but not with pneumonia (p=0.577), and the relative risk
of HSV infection was higher for cases with ARDS (2.21)
than for those with pneumonia (1.26). The incidence of
HSV in those with both ARDS and bronchopneumonia
(73%) is closer to that of those with ARDS than with
bronchopneumonia as a group, supporting an associa-
tion with ARDS rather than with bronchopneumonia.

HSV infection of the lower respiratory tract is consi-
dered rare [13]. It has been described in immunosup-
pressed patients [14–21], in neonates who contract it in
the birth canal [22], and in four autopsy series [23–
26]. In those series which examined all autopsies in a
given hospital, the incidence of pulmonary HSV ran-
ged 0.002–0.01% [23, 24], but in a study concentrating
on burns patients alone the incidence was 10% [26].

NASH and FOLEY [26] identified 15 patients with her-
petic involvement of the lower respiratory tract, 14 of
whom had burn injuries. Infection was located in the
trachea and bronchi in 37 of the cases pooled from four
autopsy series [23–26], and in the parenchyma of 13
patients. TUXEN et al. [8] reported the presence of HSV,
detected by identification of inclusion bodies in tra-
cheobronchial secretions, in 14 of 46 (30%) patients
with ARDS, and suggested that the true incidence was
probably higher. Immunofluorescence confirmed its pre-
sence in eight of a subgroup of 10 cases [8]. In these
cases, ARDS was due to nonthermal causes and the in-
creased incidence of HSV in the present study may be
due to sloughing of the bronchial epithelium by inhaled
superheated smoke or flames, facilitating infection in
burns patients.

We found a high incidence (50%) of pulmonary HSV
immunopositivity confirming the high incidence of pul-
monary HSV suggested by NASH [24], and identified
by TUXEN et al. [8]. The incidence in this study exceeds
that found by TUXEN et al. [8] (30%) who detected
HSV by cytopathic features in tracheobronchial secre-
tions, whilst in the present study the lung parenchyma
was examined using IHC staining; both factors should
improve the detection rate. Herpetic infection results
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Table 3.  –  Results of in situ hybridization (ISH), poly-
merase chain reaction (PCR) and immunohistochemical
staining (IHC) in selected blocks from burns and control
patients

ISH PCR IHC

Burns group
1 + + +
2 - - +
3 - - +
4 - + +
5 - + +
Control group
1 - - -
2 - + -
3 - - -
4 - - -
5 - - -

+: positive; -: negative.

Table 1.  –  Association of herpes simplex with ARDS

Burns cases
(n=54)

Without ARDS With ARDS
38 (70; 56–82) 16 (30; 18–44)
Positive Positive
14 (37; 22–54) 13 (81; 54–96)
Negative Negative
24 (63; 46–78) 3 (19; 4–46)

Values are presented as absolute number, and percentage and
95% confidence limit in parenthesis. ARDS: adult respiratory
distress syndrome.

Table 2.  –  Association of herpes simplex with pneu-
monia

Burns cases
(n=54)

Without pneumonia With pneumonia
33 (61; 47–74) 21 (40; 26–53)
Positive Positive
15 (46; 28–64) 12 (57; 34–78)
Negative Negative
18 (55; 36–72) 9 (43; 22–66)

Values are presented as absolute number, and percentage and
95% confidence limit in parenthesis.



in characteristic intranuclear inclusions in H&E stai-
ned sections [13]. Despite high power (×400) screen-
ing, such inclusions could not be detected in the burns
cases, suggesting greater sensitivity of IHC staining.
Pneumonia and ARDS leads to inflammation and necro-
sis, resulting in pyknotic and apoptotic nuclei, which
mask intranuclear inclusions. The cytopathic changes
seen in lavage fluid or in tracheobronchial secretions
are different to those in tissue sections and are less
prone to the problems of identification posed by accom-
panying inflammation and necrosis, which are in addi-
tion less marked in these types of sample compared
with tissue sections. This explains the apparent discre-
pancy between identification of HSV by TUXEN et al.
[8] and the lack of convincing inclusions in the pre-
sent study. Unfortunately, the cases examined died be-
fore the advent of routine bronchoalveolar lavage, which
would have been a useful adjunct in the identification
of HSV.

The polyclonal antibody used in this study stains
nuclear and cytoplasmic viral proteins produced during
viral replication and serves to overcome the problems
of interpretation discussed above. IHC staining was
detected in the nucleus and cytoplasm of macrophages
and epithelial cells. In positive cases, staining, though
focal, was present in several places in each block, sug-
gesting widespread infection.

Failure to detect HSV DNA using PCR in two of
the five cases positive by IHC staining, and in four of
the five using in situ hybridization might be explained
by postmortem digestion of the DNA by endogenous
nucleases. Because of severe lung injury, the tissue is
partially necrotic. NICOLL et al. [27] found a similar dis-
crepancy between the results of immunohistochemistry
and PCR in postmortem tissue. They attributed the dis-
crepancy to postmortem necrosis, with release of nucle-
ases, which would digest nucleic acid but leave viral
proteins intact. Furthermore, since the immunopositivity
was focal, a sampling error may have been introduced
by further sectioning of the blocks examined; HSV-
specific antigens could not be detected by IHC staining
in sections directly adjacent to those used for in situ
hybridization. The focal nature of the infection may also
have compromised detection by in situ hybridization.

Pulmonary HSV was strongly associated with the pres-
ence of ARDS but not with pneumonia, and the rela-
tive risk of infection was higher with ARDS than with
pneumonia (2.21 compared with 1.26). The histological
appearance of acute herpetic pneumonitis is similar to
that of the initial exudative phase of ARDS [13]. Conse-
quently, in some cases, the histological features thought
to have been due to ARDS may have been due to her-
petic pneumonitis. Indeed, ODA et al. [28] recently re-
ported an increase in the extent of HSV infection in the
lungs of patients with secondary diffuse interstitial pneu-
monia, which may represent a healing phase of ARDS.
Recognition of herpetic intranuclear inclusions may be
difficult in lungs which are inflamed and necrotic. Fur-
thermore, HSV may be the initiating factor in some
cases of ARDS, though without longitudinal studies it
is impossible to determine whether ARDS or HSV infec-
tion occurs first. The lower incidence of HSV (32%) in
those without evidence of pulmonary disease, and in
whom the mean percentage burn was also lower than in

those with either ARDS or bronchopneumonia, suggests
that the presence of HSV is a function of the severity
of the initial systemic stress and that overt pulmonary
disease follows on from this. In addition, whilst this
study looked only at burns cases, ARDS and HSV may
be more generally linked, as suggested by NASH and
FOLEY [26], and this wider area needs further study.
However, in our hospital, herpetic infection has been
seen in only one case of a total of 92 lung transplants,
despite these cases being at risk due to problems of vas-
cular damage, bacterial infection and rejection.

Infection might be due to reactivation of latent HSV
[8] in the vagal ganglia [28, 29] or oropharynx, as a
result of the stress of burn injury, or due to primary
infection. The suggestion made above, that the presence
of HSV is dependent on the severity of the initial stress
of a burn injury, would be consistent with such a mech-
anism. In addition, the lack of significant differences in
the incidence of HSV or of either ARDS or broncho-
pneumonia in those with or without airways damage
supports the implication that the presence of HSV is
due to stress related reactivation, which would lead to
alveolar rather than airways involvement. Similarly, the
lower incidence in those without pulmonary disease
may reflect subclinical activation, which has not been
aggressive enough to precipitate morphological change.

In the present study, no association was found between
either duration of survival after burn or percentage burn.
TUXEN et al. [8] found that the presence of HSV in
ARDS was associated with higher mortality and morbi-
dity. However, as all of the patients in the present study
died following their burn they are not directly compa-
rable.

Though the control group is small, we have demon-
strated a strong association between herpes simplex virus
and adult respiratory distress syndrome in burns pati-
ents. Further study, preferably including bronchoalveo-
lar lavage, is indicated to confirm this result and to
establish if this association is causal. This is important,
since safe and effective antiviral therapy (acyclovir) is
available for herpes simplex virus and may diminish
respiratory complications in patients with burn injuries.
Infection may be detected by examination of bron-
choalveolar lavage fluid obtained at endoscopy, which
is safe in patients with adult respiratory distress syn-
drome [30] and effectively samples the lower respira-
tory tract [31].
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