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s u m m a r y 

Objectives: To evaluate burden and predictors of HSV pneumonia among immunocompromised patients 

not undergoing invasive mechanical ventilation according to a tailored diagnostic algorithm. 

Methods: This prospective, observational study included immunocompromised adults with pneumonia 

non-responding to empirical antibiotic therapy. Bronchoalveolar lavage (BAL) specimens were cultured 

for bacteria, mycobacteria and fungi. Real-time PCR for Herpesviruses and other microorganisms were 

performed on BAL and other specimens. Cytological examination of BAL samples was carried out for 

identification of intranuclear inclusion bodies and immunohistochemical staining for HSV. 

Results: We enrolled 45 patients (mean age 64.6 years) from January 2015 to June 2016. Nineteen (42.2%) 

cases tested positive for HSV-1 PCR on BAL. According to our definitions, 11 (24.4%) patients had HSV- 

1 pneumonia with viral loads ranging between 10 3 copies/mL and 10 7 copies/mL. HSV-1 positive throat 

swab (OR 85.2, 95% CI 5.83–1245.1, P < 0.001) and solid organ transplant (SOT) (OR 53.3, 95% CI 1.37–

2072.8, P < 0.03) as underlying condition were found to be independently associated with HSV pneumonia 

by multivariable analysis. 

Conclusions: HSV pneumonia turned out to be relatively common and should be investigated especially 

in individuals with HSV positive throat swab and SOT. Interventional studies are needed to assess the real 

clinical impact of HSV pneumonia in immunocompromised patients. 

© 2018 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 

I

 

c  

m  

i  

r  

a  

i  

l  

t  

r  

o  

g  

s  

i  

n  

c  

t  

e  

i  

i  

b

s  

i  

v

h

0

ntroduction 

Herpes simplex virus (HSV) is known to be an infrequent

ause of pneumonia affecting mostly severely immunocompro-

ised hosts. 1 However, HSV pneumonia has rarely been described

n such patient population probably considered not clinically

elevant or unrecognized. 2–5 On the other hand, HSV ventilator-

ssociated pneumonia (VAP) results to be not uncommon among

mmunocompetent patients and has been frequently reported in

iterature. 6–10 Currently, the diagnosis of HSV lower respiratory

ract (LRT) infections including pneumonia and tracheobronchitis

emains very demanding. In fact, since shedding of HSV in the

ropharyngeal secretions occurs in 2-3% of individuals in the

eneral population, 6,11 the significance of HSV presence in the LRT
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ecretions is challenging to interpret. Similarly, the use of acyclovir

n pneumonia due to HSV remains controversial. HSV pneumo-

ia should be diagnosed by histological evidence of pneumonia

ombined with viral isolation from the lung tissue. 1 Alternatively,

he diagnosis may be achieved demonstrating the cytopathic

ffects of HSV with evidence of intranuclear inclusion bodies, pos-

tive HSV immunohistochemical staining (INH) and high viral load

n bronchoalveolar lavage (BAL) specimens obtained by fiberoptic

roncoscopy (FOB). 9,12,13 We therefore performed this prospective 

tudy to evaluate the burden and predictors of HSV pneumonia in

mmunocompromised patients not undergoing invasive mechanical

entilation according to a tailored diagnostic algorithm. 

atients and methods 

This is a prospective, observational study enrolling consecutive

atients with pneumonia admitted to the University Hospital of
eserved. 
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Trieste, Italy. This institution is a 780-bed tertiary care hospital lo-

cated in Northeastern Italy. 

Characteristics of patients 

During the 24-month study period (January 2015–June 2016)

we enrolled immunocompromised adults (aged ≥ 18 years) affected

by community-acquired pneumonia (CAP) or hospital-acquired

pneumonia (HAP) non-responding to 3–5 days of empirical an-

tibiotic therapy by current standards of clinical practice. They

had immunocompromising conditions including ongoing solid tu-

mors or haematologic disorders or receiving chemotherapy ≤ 6

months, connective tissue disorders, HIV infection, chronic obstruc-

tive pulmonary disease (COPD, Gold stage 3-4), pulmonary fibro-

sis, bronchiectasis, chronic dialysis, bone marrow and solid organ

transplants. In addition, other inclusion criteria were immunosup-

pressive regimens such as steroids (prednisone ≥ 0.5 mg/kg daily

for at least 4 weeks), anti-TNF drugs, chemotherapy or radiother-

apy ( ≤ 1 month before enrollment), and other immunosuppressive

regimens (cyclophosphamide, tacrolimus, everolimus, azathioprine,

cyclosporine, mycophenolate mofetil, methotrexate, sirolimus). The

study excluded patients with ventilator-acquired pneumonia (VAP),

those who had received agents active against HSV in the previous

month, pregnant women and those with contraindications for FOB.

Diagnostic algorithm 

Following clinical failure of empirical antibiotic therapy, chest

CT scan and FOB with BAL were proposed to all patients. The FOB

macroscopic aspect was considered abnormal in case of erythema-

tous, edematous, and friable mucosa. The sampling area was se-

lected on the basis of pulmonary infiltrate location. An oropha-

ryngeal swab was collected for real-time PCR testing for HSV.

BAL specimens were cultured for bacteria and fungi. Cultures for

mycobacteria were done when requested by clinicians. BAL fluid

and serum galactomannan concentrations were determined by the

Platelia Aspergillus enzyme immunoassay (Bio-Rad Laboratories,

Marnes-la-Coquette, France) using optical density index cutoffs of

0.5 and 1.0 to evaluate the diagnostic performance of the test.

Real-time PCR for Herpesviruses, namely HSV, Cytomegalovirus

(CMV) and Epstein-Barr virus (EBV) (Elitech Molecular Diagnostic,

Torino, Italy), Parainfluenza, Metapneumovirus, Respiratory syn-

cytial virus(RSV) (Argene Biomerieux, Firenze, Italy), Mycoplasma

pneumoniae, Chlamydia pneumoniae, Aspergillus spp (Elitech Molec-

ular Diagnostic, Torino, Italy) were performed in BAL specimens.

In the same specimens, real-time PCR for Influenza viruses, Aden-

ovirus and Pneumocystis jirovecii were obtained by in-house meth-

ods following previously described methods. 14–16 HSV and CMV

were tested also in blood specimens. HSV serology (IgG and IgM)

was tested by chemiluminescence immunoassay (DiaSorin, Vercelli,

Italy) in all cases. Cytological examination of BAL specimens was

carried out splitting the sample from each patient into two parts.

The first one was prepared for identification of intranuclear inclu-

sion bodies indicative of intracellular viral infection. The second

part of the sample was fixed in formalin and included in paraf-

fin for setting up a cell-block for ICH and testing with a rabbit

polyclonal antibody against HSV (DAKO Autostainer, CA, US). 12,13 

Characteristics of patients including demographics, underlying dis-

eases and Charlson comorbidity index, immunosuppressive regi-

mens, type of pneumonia (CAP and HAP), severity of pneumonia

(Pa O 2 /Fi O 2 ratio, CURB index for CAP), chest CT scan patterns of

pulmonary abnormalities, routine laboratory data including periph-

eral leucocyte count and serum C-reactive protein (CR-P, normal

value < 5 mg/dL), microbiological findings, BAL cytological and INH

data, and duration of hospitalization were stored in a database. 
iagnostic criteria of HSV pneumonia 

Patients were classified as having proven HSV pneumonia if

SV was the only pathogen identified by PCR in the BAL specimen

n concurrence of cytopathologic effect and/or HSV positive IHC in

ells obtained from the same BAL specimen. Probable HSV pneu-

onia was defined by the presence of HSV and other pathogens in

ombination with cytopathologic effect and/or HSV positive IHC in

ells obtained from the same BAL specimen. Finally, patients were

lassified as having possible HSV pneumonia if HSV was identified

y PCR (with viral load ≥ 10 5 copies/mL) in the BAL specimen with

r without other pathogens despite no cytological or IHC evidence

f HSV infection. 

otential predictors of HSV pneumonia and risk factors for mortality 

Potential predictors of HSV pneumonia including demographics,

uration of hospitalization, underlying diseases and immunosup-

ressive regimens, type of pneumonia, patterns of chest CT scan,

hroat HSV testing and FOB macroscopic abnormalities were eval-

ated. We limited the outcome evaluation, namely crude mortality

f pneumonia, to 15 days to increase the likelihood that mortal-

ty could be attributable to pneumonia. Analysis of risk factors for

5-day mortality included demographics, type of pneumonia, pe-

ipheral leucocyte count and serum C-reactive protein (CRP), CURB

ndex, Pa O 2 /Fi O 2 ratio, smoking, previous ICU stay, corticos-

eroids, chemotherapy and immunosuppressive regimens, duration

f hospitalization, diagnosis of HSV pneumonia and other pneumo-

ia. 

tatistical methods 

Continuous variables with normal distribution were expressed

s mean ± standard deviation (SD) and those without normal dis-

ribution as median and the range between the first and the third

uartile. Discrete variables were expressed as frequencies and per-

entages. Statistical comparison of patient characteristics was per-

ormed using the Chi-square or the Fisher’s exact test for cate-

orical variables, and the Student’s t -test or the Mann-Whitney

 -test for continuous variables. Independent predictors of HSV

neumonia and 15-day mortality were investigated by a back-

ard stepwise logistic regression model of multivariable analysis

here every variable with a P -value < 0.1 at univariable analysis

ad been included. The area under the receiver-operating char-

cteristic (ROC) curve, with 95% confidence interval (CI), and the

osmer-Lemeshow test were calculated to assess the discrimina-

ory power and the calibration of the models, respectively. The ac-

uracy of prediction was defined as low (AUC = 0.5-0.7), moderate

AUC = 0.7-0.9), and high (AUC = 0.9–1). All tests were two-sided

ith the alpha level set at 0.05 for statistical significance. Data

nalyses were performed using the SPSS software package for Win-

ows, version 13.0 (SPSS, Inc., Chicago, Illinois, US). 

esults 

Forty-five patients (mean age 64.6 ± 14 years, male 65.4%) ful-

lled the enrollment criteria. The most common underlying condi-

ions were solid tumors, haematologic disorders, COPD, connective

issue disorders and SOT. More than half of patients were receiving

teroids and around a quarter of them no immunosuppressive reg-

men. Twenty-seven (60%) cases had CAP and the remaining cases

AP. Chest CT scan findings included areas of ground-glass attenu-

tion (42.2%), airspace consolidation (62.2%) and excavation (15.6%)

ccording to prevalent bilateral and multifocal distributions. Base-

ine characteristics of patients including CURB index for CAP and

a O /Fi O ratio are shown in Table 1 . All patients tested positive
2 2 
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Table 1 

Baseline characteristics of study population. 

Variable mean or n range or % or SD 

Age 64.6 years 29-83 years 

Sex (male) 29 65.4% 

CAP 

HAP 

27 

18 

60% 

40 

Underlying diseases 

Cancer/haematologic disorders 17 37.8% 

Connective tissue disorders 6 13.3 

Solid organ transplants 5 11.1 

Others§ 10 22.2 

Immunosuppressive regimens 

Steroids 26 57.8% 

Chemotherapy 8 17.8 

Others 12 26.7 

No immunosoppressive regimen 12 26.7 

Charlson comorbidity score 4.8 ± 2.38 

CURB 65 (CAP) 312 1.71 

PaO2/FiO2 ratio 207.5 63 

Chest CT scan findings 

ground-glass attenuation 19 42.2% 

consolidation 28 62.2 

excavation 7 15.6 

unilateral distribution 17 37.8 

bilateral distribution 28 62.2 

unifocal distribution 15 33.3 

multifocal distribution 30 66.6 

Note : n: number of cases; SD: standard deviation; CAP: community-acquired pneumonia; HAP: hospital-acquired pneumonia; COPD: chronic 

obstructive pulmonary disease; § pulmonary fibrosis ( n = 2), bronchiectasis ( n = 3), chronic dialysis ( n = 4), HIV ( n = 1). 

f  

f  

a  

c  

w  

I  

c  

i  

(  

s  

L  

d  

1  

t  

s  

d  

p  

S  

g  

f  

t  

(  

t  

6  

t  

F  

H  

p  

p  

E  

c  

d

 

p  

H  

a  

c  

p  

A

 

p  

(  

m  

o  

r  

m  

w  

w  

a

D

 

b

t

D

 

H  

s  

p  

t  

v  

p  

s  

c  

o  

H  

t  

i  

s  

t  

s  
or HSV serology (IgG) with the exception of one patient positive

or both HSV IgG and IgM. The patients underwent chest CT scan

nd FOB which visualized macroscopic abnormalities in 25 (55.6%)

ases. HSV-1 was detected in BAL specimens of 19 (42.2%) cases

ith viral loads ranging between 10 3 copies/mL and 10 7 copies/mL.

n addition, HSV-1 was found in the throat swabs of 11 (24.4%)

ases and blood specimens of 4 (8.8%) cases. CMV was detected

n BAL specimens of 12 (26.6%) cases and blood specimens in 5

11.1%) cases. EBV, RSV, and Influenza viruses were found in BAL

pecimens of 13 (28.9%), 4 (8.8%) and 2 (4.4%) cases, respectively.

astly, P. jirovecii, Aspergillus spp, bacteria, and M. pneumoniae were

etected in BAL specimens of 4 (8.8%), 6 (13.3%), 20 (44.4%), and

 cases, respectively. Galactomannan testing resulted to be posi-

ive in 9 (20%) and 2 (4.4%) cases, respectively in BAL and blood

pecimens. Isolated bacteria from BAL specimens included Pseu-

omonas aeruginosa (7 isolates), Staphylococcus aureus (6), Klebsiella

neumonia (3), Acinetobacter baumannii (2), Enterobacter cloacae (1),

tenotrophomonas maltophilia (1), and Proteus mirabilis (1). As re-

ards BAL specimens collected for cytological examination and IHC

or HSV, 5 specimens were insufficient and 8 were inadequate for

he presence of purulent respiratory secretions. Therefore, only 32

71%) BAL specimens were found to be adequate and showed in-

ranuclear viral inclusion bodies and HSV-positive cells by IHC in

 cases, respectively. Table 2 summarizes laboratory data, hospi-

alization duration and previous antimicrobial regimens at time of

OB. According to our diagnostic algorithm, 11 (24.4%) patients had

SV pneumonia. Of them, 4 patients had proven, 3 probable and 4

ossible HSV pneumonia. Among the remaining cases, 12 (26.7%)

atients had bacterial pneumonia, 4 CMV, 4 RSV, 3 P. jirovecii , 1

BV, 1 influenza pneumonia, and 1 pulmonary aspergillosis. No

ausative agent could be found in 8 (17.8%) cases. Fig. 1 shows the

iagnostic flow-chart of pneumonia. 

Univariable analysis showed that potential predictors of HSV

neumonia turned out to be CAP ( P = 0.086), SOT ( P = 0.085), and

SV positive throat swab ( P < 0.0 0 01) ( Table 3 ). By multivari-

ble analysis, HSV positive throat swab and SOT as underlying

ondition were found to be independently associated with HSV

i  
neumonia ( Table 4 ). ROC curve analysis showed that the value of

UC was 0.945 (95% CI 0.834, 0.991). 

The overall 15-day mortality was 22.2% and higher (27.3%) in

atients with HSV pneumonia than those with other pneumonia

20.6%) ( P = 0.69). The univariable analysis of risk factors for 15-day

ortality showed that Charlson comorbidity index and duration

f hospitalization were associated to poor outcome ( Table 5 ). No

isk factors turned out to be independently associated with 15-day

ortality by multivariable analysis. Seven (63.6%) of 11 patients

ith HSV were treated with acyclovir. The 15-day mortality rates

ere 28.6% (2 out of 7 patients) among acyclovir treated patients

nd 25% (1 out of 4 patients) among those untreated. 

iscussion 

HSV pneumonia is a not well defined clinical entity occurring in

oth immunocompromised patients and immunocompetent hosts, 

he latter generally during mechanical ventilation. 

iagnostic criteria of HSV pneumonia: review of literature 

At present, there are no defined criteria for the diagnosis of

SV pneumonia in the absence of histopathological findings con-

istent with HSV infection. For instance, according to a study on

atients with solid tumors proven HSV pneumonia was defined by

he presence of HSV in the LRT secretions in combination with

iral cytopathic effect from the same specimens, probable HSV

neumonia if HSV as the sole pathogen identified in the latter

pecimens, possible HSV pneumonia if HSV in combination with

opathogens in the same respiratory specimens. 4 In another study

n patients undergoing mechanical ventilation, the definition of

SV pneumonia strictly required HSV detection by PCR or cul-

ure and cytological or histopathological evidence of intranuclear

nclusion bodies from same BAL specimens or biopsy. 8 In such

eries, patients with HSV pneumonia had higher BAL viral loads

han those without suggesting that HSV viral load could be a

trong predictor of HSV pneumonia. However, although cytolog-

cal or histopathological criteria show high specificity they lack
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Table 2 

Laboratory findings, hospitalization durations and previous antimicrobial regimens at time of FOB. 

Variables HSV pneumonia bacterial pneumonia other defined pneumonia undefined pneumonia 

N = 11 N = 12 N = 17 N = 5 

n or mean ± SD n or mean ± SD n or mean ± SD n or mean ± SD 

HSV-PCR 

HSV-1 (BAL) 11 4 2 2 

HSV viral load ≥ 10 5 cp/mL 8 0 0 0 

HSV viral load < 10 5 cp/mL 3 4 2 2 

HSV-1 (blood) 4 0 0 0 

HSV-1 (throat swab) 8 3 1 0 

HSV serology 

IgM positive 1 0 0 0 

IgG positive 11 9 11 2 

Cytology (BAL) 

nuclear inclusions 6 0 4 0 

IHC 6 0 3 0 

nuclear inclusions + IHC 5 0 1 0 

Culture (BAL) 

Bacteria 5 12 0 0 

Aspergillus spp 2 1 0 0 

PCR (BAL) 

M. pneumoniae 0 0 1 0 

P. jirovecii 1 0 3 0 

Aspergillus spp 2 0 4 0 

CMV 3 4 5 0 

Influenza 1 0 1 0 

RSV 0 0 4 0 

EBV 5 4 4 0 

other investigations 

CMV-PCR (blood) 3 1 1 0 

Galactomannan (BAL) 5 2 2 0 

Galactomannan (blood) 1 0 1 0 

hospitalization days 20.3 ±15.8 26.6 ±15.5 14.5 ±15.3 17 ±16.8 

previous antimicrobial regimen 

Amoxicillin Clavulanate 0 0 1 2 

Piperacillin Tazobactam 4 5 9 1 

Ceftriaxone 0 1 1 1 

Ceftazidime 0 1 0 0 

Meropenem or Imipenem 5 2 5 0 

Clarithromycin 0 1 3 1 

Levofloxacin 0 2 3 3 

Vancomycin 8 8 5 1 

Gentamicin or Amikacin 1 1 5 0 

Others ∗ 3 4 2 0 

Note : FOB: fiberoptic bronchoscopy; N : total available sample size; n: number of cases; SD: standard deviation; BAL: bronchoalve- 

olar lavage; cp:copies; IHC: immunoistochemical staining; Others ∗: linezolid ( n = 4), metronidazole ( n = 3),oseltamivir ( n = 2). 
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sufficient sensitivity as demonstrated in a study showing nega-

tive open lung biopsy findings compared to autopsy-proven HSV

pneumonia. 1 For the purpose of defining the clinical role of HSV

DNA viral load in respiratory specimens, a retrospective study

on critically ill patients with suspected VAP demonstrated that

PCR HSV-1 load > 10 5 genome equivalents/mL in BAL specimens

was associated with an increased mortality and even sometimes

with histologically proven HSV pneumonia. 9 Similarly, quantitative

detection of HSV DNA in BAL fluid was found to be a potential

diagnostic tool for the detection of viral infection of the LRT in

a largely immunocompromised patient population. In fact, in this

series a threshold of HSV DNA levels ≥ 5.0 log in BAL specimens

was associated with mortality suggesting that such quantitative

threshold would increase the specificity of HSV presence in the LRT

fluid. 13 

Burden of HSV pneumonia 

Over 42% of our patients tested positive for HSV-1 on BAL spec-

imens with viral loads ranging between between 10 3 copies/mL

and 10 7 copies/mL, similarly to what reported in previous stud-

ies including immunocompromised patients. 13,17 Based on our
iagnostic definitions, 24.4% of immunocompromised patients with

neumonia not responding to empirical antibiotic therapy had

SV-1 pneumonia. Since all patients except one of them had IgG

ositive HSV serology, the vast majority of our patients with HSV

neumonia showed reactivation of HSV infection. According to pre-

ious studies with different or unspecified enrollment criteria, 5

9.8%) of 51 recipients of heart-lung transplantation had HSV pneu-

onia confirmed by histopathological findings. 18 In another series,

 (2.45%) episodes of HSV-1 pneumonia have been reported among

45 patients following orthotopic liver transplantation. 19 In a more

ecent study evaluating diagnosis of pneumonia in 63 patients with

utoimmune diseases under maintenance regimen of immunosup-

ression, 6 (10%) cases had positive HSV-1 BAL-PCR but only 2

3.2%) cases of HSV-1 pneumonia were confirmed by cytological

bnormalities from BAL specimens. 5 Similarly, in our series, detec-

ion of HSV DNA in BAL specimens was relatively common but 8

f 19 cases had HSV shedding with low viral load < 10 5 /mL in BAL

pecimens and no cytological or IHC findings being therefore di-

gnosed as bacterial or undefined pneumonia. Unfortunately, only

lmost three-quarters of BAL specimens were adequate for cyto-

ogical and IHC investigations. However, we believe that the latter

ests should be pursued for confirming the diagnosis of HSV pneu-

onia, especially in the case of low HSV viral load in LTR speci-

ens. 12,20 
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Fig. 1. Diagnostic flow-chart of pneumonia. Note: BAL: bronchoalveolar lavage; n : number of cases. 
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redictors of HSV pneumonia 

To-date, predictors of HSV pneumonia among immunocompro-

ised patients remain poorly investigated. In a retrospective study

n pneumonia in patients affected by autoimmune diseases un-

er immunosuppressive therapy, detection of HSV in respiratory

ecretions was associated with stronger immunosuppressive regi-

ens and, especially, vasculitic diseases. 5 We have demonstrated

hat positive HSV throat swab testing and SOT as underlying dis-

ase were found to be highly significant and independent pre-

ictor factors for the development of HSV pneumonia. Similarly,

ositivity of HSV in throat swab turned out to be predictor of

SV pneumonia in two previous studies which evaluated critically

ll and non-immunocompromised patients undergoing prolonged
echanical ventilation, respectively. 6,8 In the latter study, other

isk factors associated with HSV bronchopneumonitis were HSV

ral-labial lesions and macroscopic bronchial lesions visualized

uring bronchoscopy. 8 A subsequent study on these series demon-

trated that HSV pulmonary infection resulted from the reactiva-

ion of genetically related HSV isolates in the oropharynx pro-

ressively infecting the LTR. 21 Alternatively, HSV might reach the

RT by haematogenous seeding and this is thought to lead to dif-

use bilateral interstitial pneumonia, as supported by a previous

tudy on immunocompromised patients. 1 In our series, data sup-

ort mainly the former pathogenetic hypothesis since only 4 of 11

atients with HSV pneumonia had HSV positivity in both BAL and

lood specimens. Most of our cases with HSV pneumonia showed

adiographic areas of consolidation with bilateral and multifocal
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Table 3 

Univariable analysis of potential predictors of HSV pneumonia. 

Variables Total pneumonia N = 45 

n(%) or mean ± SD 

HSV pneumonia N = 11 

n(%) or mean ± SD 

Other pneumonia N = 34 

n(%) or mean ± SD 

OR 95% CI 

Male gender 29 (64.4) 8 (72.7) 21 (61.7) 

Age (years) 64.6 ± 14 62 ± 16.3 65.4 ± 13.4 

Hospitalization duration (days) 19.04 ± 15.8 20.3 ± 15.2 18.6 ± 16.2 

Previous ICU stay duration 

(days) 

10 (22.2) 3 (27.3) 7 (20.6) 

CAP 27 (60) 7 (63.6) 11 (32.4) 3.66 0.88, 15.2 

HAP 18 (40) 4 (36.4) 23 (67.6) 

Chest CT scan 

ground-glass attenuation 19 (42.2) 4 (36.4) 15 (44.1) 

consolidation 28 (62.2) 7 (63.6) 21 (61.7) 

Excavation 7 (15.6) 1 (9.1) 6 (17.6) 

unilateral distribution 17 (37.8) 4 (36.4) 13 (38.2) 

bilateral distribution 28 (62.2) 7 (63.6) 21 (61.7) 

unifocal distribution 15 (33.3) 3 (27.3) 12 (35.3) 

multifocal distribution 30 (66.6) 8 (72.7) 22 (64.7) 

Comorbidities 

haematological and solid 

neoplasia 

17 (37.8) 3 (27.3) 14 (41.2) 

COPD 7 (15.6) 1 (9.1) 6 (17.6) 

connective tissue disorders 6 (13.3) 2 (18.2) 4 (11.8) 

SOT 5 (11.1) 3 (27.3) 2 (5.9) 6 0.85, 42.2 

Others 10 (22.2) 2 (18.2) 8 (23.5) 

Immunosuppressive therapy 

Corticosteroids 26 (57.8) 7 (63.6) 19 (55.9) 

chemotherapy and/or others 20 (44.4) 6 (54.5) 14 (41.2) 

None 12 (26.7) 3 (27.3) 9 (26.4) 

HSV positive throat swab 12 (26.7) 9 (81.8) 3 (8.8) 46.5 6.7,322.6 

Abnormal aspect (FOB) 25 (55.6) 7 (63.6) 18 (52.9) 

Note: N : total available sample size; n : numer of cases; OR: odds ratio; CI: confidence interval; ICU: intensive care unit; CAP: community-acquired pneumonia; HAP: 

hospital-acquired pneumonia; COPD: chronic obstructive pulmonary disease; SOT: solid organ transplant; FOB: fiberoptic bronscoscopy 

Table 4 

Multivariable analysis of potential predictors of HSV pneumonia. 

Variable Standard error OR 95% CI P -value 

CAP 1.33 7.96 0.58, 109.5 0.12 

SOT 1.86 53.3 1.37, 2072.8 0.0012 

HSV positive throat swab 1.36 85.2 5.83, 1245.1 0.033 

Note : CAP: community-acquired pneumonia; SOT: solid organ transplant; OR: odds 

ratio; CI: confidence interval. 
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c  
distribution on chest CT scan. However, no specific differences in

CT patterns were found between HSV pneumonia and other pneu-

monias. This is in accordance with what has been previoulsly
Table 5 

Univariable analyses of risk factors for 15-day mortality. 

Variables Total cases Aliv

N = 45 mean ± SD or n (%) N =
Age (years) 64.6 ± 14 65.6

Age ≥ 50 years 38 (84.4) 29 (

CAP 27 (60) 22 (

HAP 18 (40) 13 (

leucocyte count (/mm 

3 ) 10077 ± 7667 907

CR-P (mg/dL) 123.3 ± 115,9 112.

Charlson Comorbidity Index 4.8 ± 2.38 4 ±
CURB (CAP) 3.12 ± 1.71 3 ±
PaO2/FiO2 207.5 ± 63 212 

Smoking 14 (31.1) 9 (2

Previous ICU stay 10 (22.2) 8 (2

Corticosteroids 26 (57.8) 22 (

Chemotherapy and/or others 20 (44.4) 16 (

No immunosoppressive regimen 12 (26.7) 9 (2

Hospitalization duration (days) 19.04 ± 15.8 15.9

HSV pneumonia 11 (24.4) 8 (2

Other pneumonia 27 (77.1) 27 (

Note: N : total available sample size; n : number of cases; SD: standard 

acquired pneumonia; CR-P: serum C-reactive protein; ICU: intensive car
bserved in both immunocompromised and immunocompetent pa-

ients with HSV pneumonia. 22–24 

utcome of HSV pneumonia 

Regarding the outcome of our patients, the overall 15-day mor-

ality was 22.2% and resulted to be mildly higher in patients with

SV pneumonia than in those with other pneumonia, as previ-

usly reported by others. 6,8,9 No predictor was found to be in-

ependently associated to mortality. However, our study protocol

id not provide pre-established management and therapeutic reg-

mens, and the choice of antimicrobial therapy was at clinical dis-

retion of the attending physician. Indeed, only 7 of 11 patients
e Dead 

 35 mean ± SD or n (%) N = 10 mean ± SD or n (%) P -value 

 ± 13.3 69.2 ± 15.1 0.24 

82.9) 9 (90) 1 

62.8) 5 (50) 0.72 

37.1) 5 (50) 0.72 

9 ± 4494 13568 ± 13916 0.052 

8 ± 115 160.1 ± 117.6 0.13 

2.2 6 ± 2.4 0.014 

1.7 3 ± 1.7 0.8 

± 61.6 191 ± 68.6 0.36 

5.7) 5 (50) 0.24 

2.8) 2 (20) 1 

62.8) 4 (40) 0.28 

45.7) 4 (40) 1 

5.7) 3 (30) 1 

 ± 13.7 30 ± 18.4 0.0056 

2.8) 3 (30) 0.69 

77.1) 7 (70) 0.69 

deviation; CAP: community-acquired pneumonia; HAP: hospital- 

e unit. 
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ith HSV pneumonia were treated with acyclovir in our series. Ac-

ording to a study on patients with solid cancer, mortality was not

ignificantly lower in patients treated with acyclovir or other an-

ivirals active against HSV compared with that of untreated. 4 On

he contrary, in another retrospective study on critically ill patients

ith positive HSV culture in LRT secretions, acyclovir treatment

as positively linked to ICU-mortality reduction but only in the

ubgroup with HSV detected in the BAL specimens. 25 However, this

tudy included a patient population with unspecified HSV detec-

ion in the respiratory tract secretions. In summary, further data

re needed to define the effect of acyclovir or other antivirals on

he outcome of HSV pneumonia. 

tudy limitations and strenghts 

There are several limitations of our study that should be ac-

nowledged. Firstly, this was a single centre study and the sam-

le size was relatively small which limited its generalizable con-

lusions. However, the study design was sound and the enrollment

riteria were strict. Secondly, the range of immunocompromising

onditions was relatively large. Thirdly, over a quarter of BAL spec-

mens were inadequate for cytological and IHC examinations, lim-

ting partially our diagnostic algorithm. Finally, the evaluation of

he clinical impact of different etiologies was questionable due to

he fact that the therapeutic decisions on management of pneumo-

ia were left to the discretion of the attending physician. Notwith-

tanding these limitations, to our knowledge the present is the first

rospective study evaluating HSV pneumonia in immunocompro-

ised patients through a diagnostic algorithm including HSV PCR

ith threshold of viral load testing, cytological and IHC examina-

ions in BAL specimens. In our series, we achieved to determine

hat HSV pneumonia affects almost a quarter of immunocompro-

ised patients with pneumonia non-responding to empirical an-

ibiotic therapy. However, our data should be confirmed in further

tudies. We believe that the present diagnostic algorithm can sup-

ort the diagnosis of HSV pneumonia and represent the premise

or a therapeutic trial in immunocompromised patients. 

onclusions 

Our data suggest that HSV-1 pneumonia is relatively common

mong immunocompromised patients not undergoing mechanical

entilation and should be investigated especially in individuals

ith HSV positive throat swab and SOT. The role of acyclovir and

ther antiviraI agents active against HSV remains undefined and

nly interventional studies will be able to assess the real clinical

mpact of HSV pneumonia in this patient population. 
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