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Background: The most common and most serious complication 
of varicella (chickenpox) in adults is pneumonia, which can 
lead to severe respiratory failure. Varicella pneumonia is 
associated with considerable morbidity and even death. 
Objectives: To summarize our experience with varicella 
pneumonia in terms of clinical, laboratory and radiological 
characteristics as well as risk factors, management and 
outcome. 
methods: We conducted a retrospective cohort survey in our 
facility from 1995 to 2008. 
results: Our cohort comprised 21 patients with varicella 
pneumonia, of whom 19 (90%) were men; their mean age was 
35 ± 10.5 years. Nineteen patients (90%) were Bedouins and 
18 (86%) were smokers. Eleven (52%) were admitted to the 
Medical Intensive Care Unit; 3 of them required mechanical 
ventilation and the remaining 10 (48%) were admitted to 
the general medical ward. Median length of stay was 6 ± 
7.7 days. Hypoxemia and elevated lactate dehydrogenase 
on admission were associated with respiratory failure. 
Radiological manifestations were variable and nine patients 
exhibited characteristic findings. All but one patient were 
treated with acyclovir. All patients fully recovered.
conclusions: In southern Israel varicella pneumonia is 
primarily a disease of young male Bedouins who are smokers. 
Severity ranges from mild disease to severe, resulting at 
times in respiratory failure requiring mechanical ventilation. 
Prognosis is favorable with complete recovery.
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[2]. More recent data, however, suggest a decrease in the inci-
dence of varicella in adults [1,3]. The most common and most 
serious complication of chickenpox is pneumonia, which can 
lead to severe respiratory failure. The mortality rate in these 
patients, as reported in various series, ranges from 10% to 
30%. In severe cases requiring mechanical ventilation, this 
rate may reach 50% despite appropriate supportive and anti-
viral therapy [2,4-6]. 

Varicella pneumonia is relatively rare, and large-scale 
clinical studies are unavailable. Hence, most data come from 
small retrospective series [2] and over the past 30 years fewer 
than 300 patients have been described [2]. We therefore 
sought to summarize our experience with this entity in terms 
of clinical, laboratory and radiological characteristics as well 
as risk factors, management and outcome. 

Patients and methOds

The Soroka University Medical Center is the only tertiary 
hospital in southern Israel and serves a population of more 
than half a million people. Searching the hospital archives for 
the period 1 January 1995 to 31 July 2008, we identified 21 
patients admitted to the general medical wards or the MICU 
with a diagnosis of varicella pneumonia. Varicella pneumonia 
was defined as the presence of a typical rash associated with 
bilateral pulmonary infiltrates with no alternative identifi-
able cause. Serological confirmation was not performed. Mild 
hypoxemia was defined as the need for oxygen supplemen-
tation via nasal prongs. Moderate to severe hypoxemia was 
defined as the need for 100% oxygen supplementation by face 
mask or the need for mechanical ventilation.

Charts were reviewed for a history of exposure to a fam-
ily member (children) infected with varicella; immuniza-
tion status; and a wide variety of demographic, clinical and 
laboratory data. Additional extracted data included clinical 
manifestations, radiology, laboratory tests, management, ICU 
admission, ICU length of stay, hospital length of stay, and 
outcome. The chest X-rays were retrieved and reviewed by a 
senior radiologist who was unaware of the patient's clinical 
status or outcome. Chest X-rays were interpreted in relation 

MICU = Medical Intensive Care Unit 
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c hickenpox is a highly contagious airborne viral infection 
that usually occurs during childhood [1]. In contrast to 

children, where chickenpox is a relatively mild disease associ-
ated with a low complication rate, the adult variety is associ-
ated with considerable morbidity and even death. Data from 
the 1980s suggest that the incidence of chickenpox in adults 
is increasing, with a parallel increase in hospital admissions 
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to what is considered characteristic of varicella pneumonia, 
i.e., multiple ill-defined nodules 5–10 mm in size with a 
tendency to coalesce. These patchy confluent opacities may 
appear and disappear in different areas of the lung [7]. 

results 

We identified 21 patients; their clinical and demographic 
characteristics are presented in Table 1. There was a remark-
able preponderance of males: 19 men (90%) and only 2 
women. Nineteen patients (90%) were Bedouins and 18 
(86%) were smokers. With the exception of one patient who 
was 70 years old, all other patients were rather young (16–49 
years) with a mean age ± SD of 35 ± 10.5 years. In 12 patients 
(57%) there was a history of exposure to a family member 
infected with varicella. In the remaining nine no clear source 
of infection could be determined. Information regarding 
immunization status was unavailable. 

clinical cOurse

We identified two groups of patients [Table 1]: 10 (48%) who 
had a relatively mild disease without significant hypoxemia 
and were admitted to the general medical wards and 11 (52%) 
with moderate to severe disease admitted to the MICU. In 
the latter group 3 patients (15%) had severe pneumonia with 
profound hypoxemic failure, clinically consistent with adult 
respiratory distress syndrome necessitating mechanical ven-
tilation. Fortunately, none of the patients died.

Table 1 further summarizes the clinical manifestations on 
admission stratified according to the two patient groups. The 
11 patients admitted to the MICU had a mean ICU length of 
stay of 8 days and overall length of stay of 11.4 days, while the 
mean length of stay in the rest of the cohort was 5.8 days. All 
patients had the characteristic vesicular rash of chickenpox 
infection at presentation to the hospital, with a relatively 
short duration of illness preceding their admission. 

laBOratOrY

Table 2 summarizes the main laboratory findings on admis-
sion. Two patients had leukopenia (3300 and 3260 cells/µl). 
In 11 patients (52%) thrombocytopenia was observed either 

table 2. Laboratory findings on admission 

variables mild
moderate  
to severe

pH (mean ± SD) 7.45 ± 0.03 7.39 ± 0.1

pCO2 (mmHg, mean ± SD) 33.3 ± 2 39 ± 9.7

HCO2, (mmol/L, mean ± SD) 23.2 ± 1.2 23.8 ± 3.4 

Hemoglobin  
(g/dl, mean ± SD)

14.9 ± 1.9 15.1 ± 2.3

Hematocrit (%, mean ± SD) 43.8 ± 5.4 43.4 ± 8.2

WBC cells/µL (mean ± SD) 7266 ± 2009 9132.7 ± 2914

Polymorph nuclear cells  
(%, mean ± SD)

61.3 ± 16.6 67.6 ± 15

Lymphocytes (%, mean ± SD) 26.7 ± 14.2 24.8 ± 15.3

Platelets cells/µL  
(mean ± SD)

122,700 ± 39,240 113,000 ± 37,563

INR (mean ± SD) 1.36 ± 0.35 1.23 ± 0.13

Urea (mg/dl, mean ± SD) 33.4 ± 21.1 41.3 ± 0.23

Creatinine  
(mg/dl, mean ± SD)

0.95 ± 0.32 0.96 ± 0.23

Natrium  
(mmol/L, mean ± SD)

135.2 ± 4.4 135.4 ± 3.2

Albumin (mg/dl, mean ± SD) 3.4 ± 0.6 3.4 ± 0.4

Aspartate aminotransferase 
(U/L, mean ± SD)

73.3 ± 34 72.7 ± 72.6

Alanine aminotransferase 
(U/L, mean ± SD)

58.4 ± 27.8 57 ± 43.5

LDH (U/L, mean ± SD) 705 ± 336.7 1150 ± 584.3

table 1. Clinical and demographic characteristics of the study group 

no. of patients (%)
mild*
n=10 (48%) 

moderate to severe*
n=11 (52%)

Male patients 9 (90%) 10 (91%)

Bedouin patients 8 (80%) 11 (100%)

Age (yrs, mean ± SD) 37.8 ± 12.8 31.2 ± 6.4

Mechanical ventilation 0 3 (27%)

Hospital length of stay (days, mean ± SD) 5.8 ± 2.2 11.4 ±10.4

ICU length of stay (days, mean ± SD) 0 8 ± 7.8

Duration of illness before admission  
(days, mean ± SD)

3.6 ± 2 3.5 ± 1.4

Current smokers 8 (80%) 10 (91%)

complaints

Fever 9/0 (90%) 7/10 (70%)

Cough 4/10 (40%) 6/11 (55%)

Shortness of breath 5/10 (50%) 9/11 (82%)

Characteristic rash 10/10 (100%) 11/11 (100%)

On admission 

Temperature (°C, mean ± SD) 38.1 ± 1.1 38.3 ± 0.9

BP systolic (mmHg, mean ± SD) 111 ± 11.7 113.5 ± 14.1

BP diastolic (mmHg, mean ± SD) 64.6 ± 13.8 66.6 ± 8.3

Pulse (bpm, mean ± SD) 92.5 ± 13.8 113 ± 21.8

Respiratory rate (bpm, mean ± SD) 22.5 ± 5.3 29.3 ± 5.1

Saturation (%, mean ± SD) 94.2 ± 2.9 90 ± 11.2

pO/FiO ratio (mean ± SD) NA 156.9 ± 134

* Mild hypoxemia was defined as the need for oxygen supplementation via nasal prongs. 
Moderate to severe hypoxemia was defined as the need for 100% oxygen supplementation by 
face mask or the need for mechanical ventilation.
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on admission or within the first 2 days of their hospitaliza-
tion. Thrombocytopenia was somewhat more pronounced 
among the moderate to severe group. The lowest values were 
observed among the three requiring mechanical ventilation 
(25,000–54,000 cells/µl). In two of them there was clinically 
significant bleeding from the upper gastrointestinal tract, 
necessitating blood transfusion. In the other patients in the 
group thrombocytopenia was mild (57,000–99,000 cells/µl), 
transient and clinically inconsequential. 

Mild elevation in transaminases was noted in 10 patients 
(48%). Upon admission lactate dehydrogenase was elevated 
(> 1000 U/L) in 7 patients (33%); indeed, in the 3 patients 
requiring mechanical ventilation LDH levels were substan-
tially higher (1500–3000 U/L). 

radiOlOgY

Chest X-rays were available for review in 18 of the 21 patients 
(85%). For the purpose of this report the chest X-ray with the 
worst findings is described. Table 3 summarizes the radio- 
logical findings while a characteristic chest X-ray is pre-
sented in Figure 1. In 10 patients (48%) the initial findings 
were described as typical of varicella pneumonia. Atypical 
radiological findings were unilateral nodular opacities in two 
patients, and left lower lobe consolidation superimposed on 
the characteristic pattern in one patient. This latter patient, on 
admission, had a positive blood culture for Streptococcus pneu-
moniae, probably reflecting a bacterial pneumonia complicat-
ing the course of his viral illness. In 11 patients there were no 
follow-up chest X-rays. In only five patients were follow-up 
chest X-rays available and those were interpreted as normal. 
In two patients there were bilateral interstitial fibrotic findings 
within a few years after the initial varicella pneumonia.

management

All but one patient were treated with intravenous acyclo-
vir (10 mg/kg every 8 hours) initiated within a few hours 
of admission. Two of the severely ill patients also received 
antibiotics. One of them had a positive blood culture for 
Streptococcus viridans. The single patient who was not treated 
with acyclovir was a 36 year old Bedouin man who had a 
very mild disease, presented afebrile with minimal respira-
tory complaints but with a characteristic chest X-ray and was 
discharged after 2 days with marked improvement. 

One patient on mechanical ventilation was severely 
hypoxemic (PaO2/FiO2 ratio < 70). He was placed in the 
prone position and had tracheal gas insufflation during the 
first days of his ICU stay. On the ninth day his course was 
further complicated by polymicrobial severe sepsis due to 
ventilator-associated pneumonia. Blood cultures were posi-
tive for Klebsiella pneumoniae and Acinetobacter baumanii. 

LDH = lactate dehydrogenase

He gradually recovered and was eventually discharged after 
15 days in the MICU.

The time from admission to temperature normalization 
was shorter in the mild group (mean 44 hours), but sub-
stantially longer in the moderate to severe group (mean 120 
hours). 

Two patients had positive blood cultures on admission: 
one with mild disease had Strep. pneumoniae and the second, 
described earlier, with severe respiratory failure necessitating 
mechanical ventilation had Strep. viridans. Infective endo-
carditis was ruled out by transthoracic echocardiography fol-
lowed by transesophageal echocardiography. An additional 
four blood cultures were sterile.

Two patients had mild transient acute renal failure; 
however, it is difficult to determine though whether renal 

Figure 1. Characteristic chest X-ray of varicella pneumonia in a patient with moderate 
to severe disease, revealing multiple bilateral nodules in the upper lung fields with 
patchy peri-hilar confluent opacities 

table 3. Summary of radiological findings of 18 patients with at least one chest 
radiogram available for review

mild
n=8 (44%)

moderate to severe
n=10 (56%)

Bilateral nodular pattern 5 (63%) 8 (80%)

Bilateral patchy consolidations 0 6 (60%)

Focal unilateral patchy consolidations 3 (38%) 2 (20%)

ARDS-like 0 5 (50%)

Interstitial reticular pattern 2 (25%) 5 (50%)

Typical of varicella pneumonia 3 (38%) 7 (70%)

ARDS = acute respiratory distress syndrome



Original articles

264 

IMAJ • VOL 11 • MAy 2009

[13,14]. Additional factors associated with an increased risk 
for varicella pneumonia include chest symptoms at presenta-
tion, more than 10 spots on the skin, contact with a patient 
with chickenpox, history of one's own child with chickenpox, 
and pregnancy [2]. Precise data regarding the presence of 
these risk factors among our cohort were not available.

clinical maniFestatiOns and management

In the current study, severity ranged from a relatively mild 
disease with minimal symptoms and radiological findings, to 
a more severe disease requiring ICU admission, to the rarer, 
severe life-threatening hypoxemic respiratory failure mandat-
ing mechanical ventilation (15%). 

All patients who eventually required ICU admission pre-
sented with significant hypoxemia, respiratory distress and 
substantially elevated LDH levels. Other respiratory tract 
infections are also associated with elevated LDH levels, such 
as Pneumocystis carinii where a higher serum level of LDH 
tends to correlate with decreasing PaO2/FiO2 [15]. In our 
series patients with moderate to severe disease had relatively 
higher LDH levels. This LDH elevation is attributed primar-
ily to the acute lung injury. Interestingly, this observation 
was not reported in previous studies [4-6,13,14]. Given the 
retrospective nature of this report it is difficult to determine 
the predictive value of admission variables. Nonetheless, it 
seems prudent to admit patients with varicella pneumonia, 
who present hypoxemic with elevated LDH levels to an ICU, 
since respiratory failure may rapidly ensue. Indeed, among 
the patients previously reported 55% were admitted to a high 
dependency unit [4-6,13,14]. 

Acyclovir has become the standard of care for patients 
with varicella pneumonia even though there are no random-
ized controlled trials to support this practice. Current practice 
suggests a 7 to 10 day course, as given to all our patients but 
one. Published data based on 46 retrospective series encom-
passing 272 patients suggested a 3.6-fold higher mortality in 
patients who did not receive acyclovir (odds ratio 3.6, 95% 
confidence interval 1.63–7.95; P = 0.001) [2]. The reported 
mortality among patients with varicella pneumonia is approxi-
mately 25% [3]. However, in recent reports as in this one, there 
were no fatalities. This improvement is probably related to the 
widespread use of acyclovir, in addition to marked advances in 
ICU care in general and mechanical ventilation in particular. 

The use of corticosteroids in this setting is controversial. 
None of our patients was treated with systemic steroids. Two 
retrospective studies including 34 patients (of whom 16 were 
treated) showed a trend towards shorter ICU and hospital 
stay with no mortality [16,17]. Given the favorable outcome 
of recent reports, the adoption of this practice should prob-
ably await further controlled clinical trials.

The complications rate was rather low. Approximately half 
of our patients had mild transient thrombocytopenia and 

dysfunction was related to the primary chickenpox infection. 
Alternatively, it could be related to medications (i.e., acyclo-
vir) or sepsis-induced organ dysfunction (in one patient). 

Transient electrocardiographic changes were observed in 
one patient in the form of right bundle branch block with 
inverted T waves in L2-3 and V1-3 that completely resolved 
within 48 hours. There was no elevation in creatinine phos-
phokinase and echocardiography was normal. 

discussiOn

ePidemiOlOgY

Although data from the 1980s suggest that the incidence of 
chickenpox in adults is increasing with a parallel increase 
in hospital admissions, more recent data suggest a decrease 
in the incidence of varicella in adults [1,2]. While the exact 
frequency of varicella pneumonia is difficult to determine, it 
is estimated that one in 400 cases of chickenpox will develop 
pneumonia [3]. The incidence of adult varicella infection in 
our region is unknown, but according to data from the Tel 
Aviv area the risk for hospitalization related to varicella was 
1/285 in the early 1990s [8]. Our data reveal that for the study 
period there was an annual incidence of one to two cases per 
year and there was no change in this pattern over the years. 

An interesting finding of our study was the preponderance 
of Bedouin males (90%). This predominance is particularly 
remarkable in view of the fact that Bedouins account for only 
23% of the overall population in the region. The reason for 
this predilection with relative sparing of women is unclear. We 
speculate that genetic predisposition may have contributed 
to this distinct predilection. Moreover, a serological study 
from northern and central Israel suggested that among Arab 
children, in the first 3 years of life, the prevalence of varicella 
antibody was double that of children from Jewish families, 
possibly suggesting a higher burden of exposure among adult 
Bedouins as well [9]. In another study performed in the early 
1990s it was shown that 98% of Jewish army recruits tested 
positive for chickenpox [10]. 

Since June 2000 a varicella vaccine has been available in 
Israel [9]. Data on immunization in our cohort are not avail-
able but it seems rather unlikely that our patients received 
such a vaccination. 

Smoking is considered a risk factor for the development of 
varicella pneumonia [11,12]. Proposed mechanisms include 
enhanced primary viremia due to the effects of smoking on 
the nasal mucosa and increased susceptibility of human mac-
rophages to herpes viruses [1]. Thus, the high rate of smoking 
among Bedouins, as reflected in this series, may be an addi-
tional factor accounting for this unusually high incidence of 
varicella pneumonia.

Our data are in line with previous reports indicating that 
varicella pneumonia is much more common among males 
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increased transaminases. These disturbances were evenly 
distributed among the two patient groups and did not appear 
to reflect severity of the respiratory compromise. One patient 
had transient electrocardiographic changes that resolved 
within 48 hours with a normal ECG, possibly reflecting myo-
cardial involvement. Two patients had mild transient renal 
failure of uncertain etiology.

In summary, varicella pneumonia in southern Israel is 
predominantly a disease of young Bedouin males who are 
active smokers. The disease is generally confined to the lungs 
and severity may range from mild brief illness to severe respi-
ratory failure. Management is based on supportive care and 
intravenous acyclovir, leading to a favorable outcome and 
complete recovery. 
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Arguably the best-understood stem cells are those that 
generate the body’s blood cells – hematopoietic stem cells 
(HSCs). Although the place of origin, the aortic-gonado-
mesonephric (AGM) columns, is known, the specific cell 
type responsible for their emergence is not. By labeling cell 
populations in vivo either with the adhesion molecule VE 
cadherin or the transcription factor myocardin, Zovein and 
team were able to follow endothelial and mesenchymal 
progeny, respectively. Their data point to an endothelial 
origin of HSCs for subsequent long-term, multilineage adult 

hematopoiesis. Further, the HSC endothelial progeny could 
be monitored as they traveled first to the fetal liver and 
then to the bone marrow for subsequent expansion and 
multilineage differentiation. Besides the AGM region, the 
authors also identified the placental vasculature and yolk 
sac as endothelial sources of HSCs. Hence, the origin of 
hematopoietic stem cells is endothelium, which itself comes 
from a transient mesenchymal population of cells. 

Cell Stem Cell 2008; 3: 625
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Origin of hemapoitic stem cells is endothelium

“ah! what a divine religion might be found out if charity were really made the principle of it 
instead of faith”
Percy Bysshe Shelley (1792-1822), one of the major English Romantic poets and critically regarded among the finest lyric poets in the 

English language. Shelley’s unconventional life and uncompromising idealism, combined with his strong disapproving voice, made 
him an authoritative and much-denigrated figure during his life and afterward. He was famous for his association with John Keats 

and Lord Byron. The novelist Mary Shelley, author of the gothic novel Frankenstein, was his second wife




