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Background: A pandemic (H1N1) influenza A virus was iden- 
tified in 2009. 
objectives: To investigate predictors for pandemic (H1N1) 
2009 virus infection among hospitalized patients with a flu-
like illness and to identify parameters suggesting a severe 
clinical course. 
methods: We analyzed a cohort of all patients hospitalized 
during a 2 month period with a flu-like syndrome who were 
tested for pandemic (H1N1) 2009 infection. Demographic, 
clinical and laboratory, along with outcome parameters, 
were recorded and compared between pandemic (H1N1) 
2009 virus-positive and negative hospitalized patients. 
results: Of the 179 examined hospitalized patients suspected 
of having pandemic (H1N1) 2009 infection 65 (36%) were 
found positive. These patients tended to be younger and 
had significantly fewer comorbidities. In addition, they had 
a significantly higher frequency of fever (94%), cough (86%) 
and myalgia (29%). Furthermore, age < 65 years and cough 
were independent predictors for pandemic (H1N1) 2009 virus 
positivity in a multivariate regression analysis. Notably, 14 
of the 65 positive patients (21.5%) had acute respiratory 
insufficiency requiring treatment in the intensive care unit. 
These patients were neither older nor previously sicker than 
patients with non-severe disease, but were distinguished by 
augmented inflammatory markers, significant lymphopenia 
associated with disease severity, and overall mortality of 
21.4%. 
conclusions: Pandemic (H1N1) 2009 virus-positive hos-
pitalized patients tend to be younger and have fewer 
comorbidities as compared to compatible negative patients. 
A significant number of relatively young and previously 
healthy positive patients might develop severe disease 
associated with a robust inflammatory reaction and 
significant lymphopenia.
  IMAJ 2010; 12: 622–627
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i n late March 2009, an outbreak of respiratory illness 
occurred in Mexico that was later identified as a novel 

pandemic (H1N1) 2009 virus-related disease [1,2]. The 
first reports from Mexico of severe illness accompanied by 
respiratory failure and death among young previously healthy 
people infected with this virus suggested that this infection 
is a potentially serious health concern [3,4]. Accordingly, 
reports about the rapid spread of the virus to many countries 
outside of Mexico brought the World Health Organization 
to classify the global spread of the virus as an international 
concern with a pandemic level of six [5]. 

The lack of adequate data on the natural history of pan-
demic (H1N1) 2009 virus infection outside of Mexico led 
to uncertainty in approach to this new pandemic in the 
medical communities of many countries around the world. 
Furthermore, the first reports outside of Mexico of an unusual 
susceptibility of younger and previously healthy people to 
severe respiratory complications due to this virus [6-8] led 
to an ambivalence in approach to young patients with signs 
and symptoms of influenza [9]. Therefore, one of the major 
challenges in the combat with the H1N1 pandemic today is 
to identify patients presenting with flu-like illness who are 
more likely to be infected with this virus, and to identify the 
parameters predicting severe morbidity and mortality.

We present a case series of all consecutive patients hospi-
talized in a major medical center in Israel during a 2 month 
period with a presumed diagnosis of pandemic (H1N1) 2009 
virus infection. Demographic, clinical and laboratory, along 
with outcome parameters, were analyzed in order to identify 
possible factors that may suggest the diagnosis of pandemic 
(H1N1) 2009 virus infection among patients with a flu-like 
illness, and furthermore, to examine which parameters can 
predict a more severe clinical course among these hospital-
ized patients. 

Patients and metHods

This study was conducted in the Tel Aviv Sourasky Medical 
Center, the major community and tertiary care university 
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variable
s-oiv positive
(n=65)

s-oiv negative
(n=114) P value

Gender (%, Male/Female) 55.4/44.6 57.9/42.1 0.74

Age (yrs, mean ± SD) 37 ± 21.7 44.9 ± 29.8 0.06

Comorbidity score
(mean ± SD)* 1.26 ± 1.72 2.38 ± 2.45 0.001

Time to S-OIV sample** 1.31 ± 3.2 2.71 ± 5 0.045

Samples on first day (%) 76.9 57 0.007

symptoms [No. of patients (%)]

Fever 61 (93.8) 86 (75.4) 0.002

Cough 56 (86.2) 54 (47.4) < 0.0001

Dyspnea 22 (33.9) 47 (41.2) 0.33

Myalgia 19 (29.2) 17 (14.9) 0.021

Sore throat 12 (18.5) 16 (14) 0.4

Abdominal pain 2 (3.1) 10 (8.8) 0.14

Vomiting 15 (23.1) 18 (15.8) 0.22

Diarrhea 12 (18.5) 12 (10.5) 0.13

Fever+cough+myalgia 16 (24.6) 12 (10.5) 0.013

laboratory values [Median (IQR*)]

BUNmax (mg/dl) 14 (10-24) 18 (11-40) 0.06

LDHmax(IU/L) 501 (360-792) 538 (399-865) 0.19

ALTmax(U/L) 32 (23-67) 33 (21-76) 0.9

CK max(IU/L) 131 (74-654) 94 (65-287) 0.019

Lymphocytesmin (x103/µl) 0.8 (0.5-1.32) 0.8 (0.4-1.4) 0.74

WBCmax (x103/µl) 9.4 (7.15-13.7) 9.8 (8.1-18.2) 0.14

Plateletsmax (x103/µl) 269 (225-422) 319 (242-508) 0.09

CRP max (mg/dl) 58 (30-153) 65 (20-149) 0.9

hospital in Tel Aviv (1150 beds), serving a population of 
approximately 750,000 people. The study population com-
prised all consecutive patients (n=179), including children, 
who were hospitalized during the 2 month period of the 
analysis (July–August 2009) and tested for the presence of 
pandemic (H1N1) 2009 infection based on clinical suspicion. 
The decision to hospitalize suspected patients was based on 
comorbidity and symptom severity, hypoxia or radiographic 
evidence of pneumonia. The data of the admitted 179 patients 
were collected and analyzed. 

Treatment with oseltamivir was initiated in virtually all 
hospitalized patients with suspected pandemic (H1N1) 2009 
virus infection. Treatment was stopped upon validation of 
the patient’s negativity for this infection based on the reverse 
transcriptase-polymerase chain reaction test. 

data collection and studY design

Demographic, clinical and laboratory data were obtained by 
retrospectively reviewing patients’ medical records. The study 
was designed as a case series of all the 179 patients tested 
for pandemic (H1N1) 2009 infection, with subsequent com-
parison between the virus-positive and negative groups, and 
further analyzing the positive patients for difference between 
those with and without a severe clinical course. The study 
was approved by the hospital's institutional review board. 
Comorbidities were rated according to the Charlson index, 
a validated prognostic comorbidity score that takes into 
account the number and severity of comorbid diseases, with 
higher scores representing more severe comorbidities [10].

Pandemic (H1n1) 2009 virus test

Nasal and throat viral swabs (a total of three) were obtained 
from suspected patients and were transferred refrigerated to 
the Israeli reference laboratory for RT-PCR testing according 
to WHO recommendations. 

statistical analYsis

Analyses, using Stata version 9 (Stata Corp., College Station, 
TX, USA), were performed with respect to the main study 
aim: predicting H1N1 positivity among hospitalized tested 
patients. Student's t-test was used to compare normally dis-
tributed continuous variables, Wilcoxon rank sum test for 
non-normally distributed variables. Chi-square test was used 
to analyze dichotomized variables. Multivariable analysis was 
performed using logistic regression. All variables with a P 
value < 0.1 were included in the models, and those with P ≤ 
0.05 were retained in the model. Area under the ROC curve 
was calculated to estimate the model's ability to predict posi-
tivity. P ≤ 0.05 was considered statistically significant.

RT-PCR = reverse transcriptase-polymerase chain reaction
WHO = World Health Organization

results

demograPHic, clinical and laBoratorY Parameters 

During the 2 month period July to August 2009, 179 patients 
admitted to our hospital were tested for the presence of 
S-OIV (swine-originated influenza virus), based on the pres-
ence of signs and symptoms of upper respiratory tract infec-
tion. Treatment with oseltamivir was initiated in almost all 
patients, but only 65 of the 179 (36%) were ultimately found 
to be positive for pandemic (H1N1) 2009 infection. 

As shown in Table 1, H1N1 virus-positive patients tended to 
be younger with significantly fewer comorbidities, as compared 
to negative patients. In addition, typical signs and symptoms of 
flu-like illness such as fever, cough and myalgia were signifi-
cantly more common among H1N1-positive patients [Table 1]. 

table 1. Demographic, clinical and laboratory characteristics of admitted patients 
tested for the presence of pandemic (H1N1) 2009 virus infection

* Charlson comorbidity score was calculated as described in Methods. 
** Days from admission
S-OIV = swine-originated influenza virus, IQR = interquartile range, CRP = C-reactive protein,  
LDH = lactate dehydrogenase, ALT = alanine aminotransferase, CK = creatine kinase.
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was significantly shorter among the virus-positive patients, 
reflecting the much higher percentage of patients among the 
positive patients for whom a H1N1 virus sample was taken on 
admission: 77% in the virus-positive group versus 57% in the 
negative group. 

clinical outcomes 

Reports from Mexico, where the current pandemic originated, 
suggest that the new pandemic (H1N1) 2009 virus has the 
potential to cause a severe illness with life-threatening respira-
tory complications, especially among young previously healthy 
people [1,2]. To determine whether this is also the case in our 
study population we analyzed major clinical outcomes of 
patients who were tested for the presence of the virus, and com-
pared those outcomes between the virus-positive and negative 
patients. Interestingly, although H1N1 virus-positive patients 
had fewer comorbidities and tended to be younger than the 
negative patients [Table 1], the two groups of patients were 
comparable in the occurrence of pneumonia, a well-known 
complication of influenza in general and of the pandemic 
(H1N1) 2009 virus strain in particular [Table 2]. Furthermore, 
there was no difference in the length of hospital stay or in the 
rate of transfer to the ICU, mechanical ventilation or death 
between the two groups of patients, despite the difference in 
age and background comorbidity, suggesting that pandemic 
(H1N1) 2009 infection tends to be a relatively serious disease 
in a significant proportion of hospitalized patients.

severe disease and non-severe disease

Of the 65 H1N1-positive patients 14 (21.5%) were transferred to 
the ICU during their hospitalization, most of them with respi-
ratory failure that reflected a much more severe clinical course. 
We analyzed demographic, clinical and laboratory parameters 
of these patients and compared them to those of the infected 
patients who experienced a milder clinical course that did not 
necessitate a transfer to the ICU. As shown in Table 3, H1N1-
positive patients with a severe clinical course were neither older 
nor did they have more comorbidities, as compared to virus-
positive patients who experienced a milder disease. However, 
the complicated cases were distinguished by significantly higher 
indices of inflammation, such as leukocytosis, thrombocytosis 
and elevated C-reactive protein, and by much higher blood urea 
nitrogen, lactate dehydrogenase, alanine aminotransferase and 
creatine kinase. Noteworthy is the significant severe lymphope-
nia observed among the ICU patients, compatible with previous 
reports from Mexico about lymphopenia accompanying severe 
pandemic (H1N1) 2009 infection [4].

As expected, clinical outcomes were worse among the ICU 
patients and the length of their hospital stay was significantly 
longer, with higher rates of pulmonary complications that 

ICU = intensive care unit

However, no significant difference in major laboratory values, 
except for a slight rise in the level of creatine kinase was detected 
between the virus-positive and negative patients [Table 1]. 

Multivariable logistic regression identified two variables 
as important independent predictors of H1N1 positivity: age 
younger than 65 (odds ratio 12.5, P < 0.0001) and the presence 
of cough (OR 5.9, P < 0.0001). The model had an area under 
the ROC curve of 0.81, suggesting a very good prediction. 

Interestingly, the mean time from admission to the first 
sampling for the presence of pandemic (H1N1) 2009 virus 

OR = odds ratio

variable
s-oiv positive
(n=65)

s-oiv negative
(n=114) P value

Duration of hospitalization in patients 
suspected on admission (days, mean ± SD) 3 ± 2.5 4.1 ± 3.7 0.12

Pneumonia 28 (43.1%) 43 (37.7%) 0.5

Mechanical ventilation 9 (13.8%) 12 (10.5%) 0.5

Transfer to ICU 14 (21.5%) 16 (14%) 0.2

Death 3 (4.6%) 8 (7%) 0.5

table 2. Comparison of clinical outcome parameters during hospitalization between 
pandemic (H1N1) 2009 virus-positive and negative patients

variable
icu
(n=14)

non-icu
(n=51) P value

Demographic

Age (yrs, mean ± SD) 35.4 ± 23.4 37.5 ± 21.5 0.7

Gender (%, Male/Female) 42.9/57.1 58.8/41.2 0.29

Co-morbidity score (mean ± SD)* 0.86 ± 1.83 1.37 ± 1.68 0.3

laboratory data [Median (IQR)]

BUNmax (mg/dl) 25 (11-58) 13 (9-18) 0.01

LDHmax(IU/L) 833 (607-1096) 404 (305-531) < 0.0001

ALTmax(U/L) 135 (39-178) 28 (21-46) 0.0001

CK max(IU/L) 922 (90-1945) 117 (73-416) 0.027

Lymphocytesmin (x103/µl) 0.5 (0.2-0.725) 0.9 (0.625-1.47) 0.0029

WBCmax (x103/µl) 14.9 (10.5-22) 8.8 (6.8-11.5) 0.002

Plateletsmax (x103/µl) 458 (262-724) 250 (207-328) 0.004

CRP max (mg/dl) 165 ( 105-196) 39 (23-87) 0.0001

outcome

Duration of hospitalization in patients 
suspected on admission (days, mean ± SD) 5.6 ± 2.7 2.6 ± 2.2 0.0026

Pneumonia 14 (100%) 14 (27.5%) < 0.0001

mechanical ventilation 9 (64%) 0 (0) < 0.0001

death 3 (21) 0 (0) 0.0007

table 3. Comparison of demographic, clinical and laboratory characteristics of ICU vs. 
non-ICU pandemic (H1N1) 2009 virus-positive patients

* Charlson comorbidity score was calculated as described in Methods. 
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and B experienced an initial response in terms of lympho-
cyte counts that was immediately abrogated, associated with 
clinical deterioration and death. These observations suggest 
that lymphopenia is associated with a severe clinical course 
among pandemic (H1N1) 2009 virus-infected patients and its 
resolution tends to correlate with clinical recovery. 

discussion

The emergent pandemic (H1N1) 2009 virus is challenging 
to the medical community around the world because of its 
unusual rapidity of spread and its tendency to complications 
among relatively young and previously healthy patients, seem-
ingly considered a low risk group for influenza-induced com-
plications [3,4,11]. However, despite increasing epidemiologic 
reports from countries outside of Mexico to which the virus 
has spread [6-8], it is still difficult to predict the natural course 
of the disease and establish strict policies for health care pro-
viders. The current study, which is based on a case series of 
H1N1-infected patients, seems to substantiate current knowl-
edge on the natural history of the disease and also suggests 
predictors for both pandemic (H1N1) 2009 virus positivity 
among hospitalized patients with a flu-like syndrome and for 
a more severe clinical course among infected patients.

necessitated mechanical ventilation. Notably, pulmonary 
complications were the hallmark of a severe clinical course, 
reflected by the high percentage (50%) of patients with 
pulmonary infiltrates who developed respiratory failure 
and were transferred to the ICU. Consequently, 3 of the 14 
ICU patients (21.4%) ultimately succumbed to their disease, 
whereas no cases of death occurred among the non-ICU pan-
demic (H1N1) 2009 virus-infected patients [Table 3]. 

correlation Between lYmPHoPenia and disease Progression 

As noted above, pandemic (H1N1) 2009-infected patients 
with a severe clinical course, as defined by the need for their 
transfer to the ICU, were significantly more lymphopenic than 
non-ICU patients [Table 3]. The correlation between the lym-
phocyte count and the clinical course of the disease among 
virus-infected complicated patients is depicted in Figure 1. 
All four representative patients had significant lymphopenia 
that was at its nadir level around the time of their transfer to 
the ICU, correlating with the time of clinical deterioration 
and signs and symptoms of respiratory failure. Interestingly, 
initiation of treatment with oseltamivir led to a rise in the 
lymphocyte counts in all patients. However, whereas the lym-
phocyte counts of patients C and D continued to increase 
steadily correlating with the patients’ recovery, patients A 

Figure 1. Lymphopenia among ICU-admitted pandemic (H1N1) 2009 virus-positive patients correlates with disease severity. Graphic 
presentations of the lymphocyte counts of four representative ICU-admitted virus-positive patients (patients A-D) along their hospital 
course. Times of oseltamivir initiation, transfer to the ICU, readmission to the medical ward and death are indicated.
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Several major conclusions may be drawn from the present 
analysis. First, among hospitalized patients suspected of hav-
ing H1N1 infection, those found to be positive for the virus 
tend to be younger and have significantly fewer comorbidities 
as compared to those who are negative. Second, our study 
clearly shows that the typical symptoms and signs of influ-
enza, including fever, cough and myalgia, are more common 
among pandemic (H1N1) 2009 virus-positive patients. Thus, 
supported by a multivariable logistic regression analysis of 
our data, we conclude that younger age and the presence of 
cough on presentation are two parameters that may predict 
H1N1 positivity among hospitalized patients with a flu-like 
illness. Obviously, the younger age of the positive patients 
can be explained by other medical conditions that can pres-
ent with respiratory symptoms and are much more preva-
lent among older patients with comorbidities. Indeed, the 
observation that the pandemic (H1N1) 2009 virus-negative 
patients were tested for the presence of the virus later dur-
ing their hospitalization course as compared to the positive 
patients reflects the ambiguity in the differential diagnosis of 
these patients’ clinical presentation. 

Most importantly, a significant number of infected patients 
were prone to severe complications and respiratory failure 
that necessitated an urgent transfer to the intensive care unit. 
These patients were distinctive for the presence of increased 
inflammatory markers. This observation may correlate with 
immune system over-reaction to the viral infection, leading 
to the so-called cytokine storm, which triggers inflammation 
and lung damage that can lead to multiple organ failure and 
death [12,13].

Interestingly, in contrast to the typical seasonal flu that 
tends to complications in older and debilitated patients [14], 
the severely ill H1N1-infected patients were neither older 
nor previously sicker than the H1N1-infected patients with a 
milder clinical course. This observation joins a growing body 
of evidence indicating that the novel pandemic (H1N1) 2009 
virus tends to complications in relatively young people who 
were traditionally thought to be at a low risk for flu-related 
complications [1-4,6-8,11]. Recent evidence suggests that the 
younger age of the severely infected patients may be due to 
the presence of cross-reacting protective antibodies found in 
older individuals who have been exposed to the Spanish flu 
virus. These antibodies cross-react with the present pandemic 
(H1N1) 2009 virus, providing the elderly population a rela-
tive protection from the present epidemic [15]. However, in 
contrast to recent studies suggesting a severe clinical course 
in patients with at least one significant comorbidity [6-8], 
the patients with a severe clinical course in our study had no 
more comorbidities than patients with a non-severe clinical 
course. However, the three cases of deaths had significant 
comorbidities (one patient after bone marrow transplanta-
tion, one with metastatic colon cancer and one with a history 

of alcohol abuse and intavenous drug use) that apparently led 
to the fatal outcome. 

The present analysis has several limitations, mainly its ret-
rospective nature and its restriction to hospitalized patients. 
In addition, some of the admitted patients suspected of hav-
ing pandemic (H1N1) 2009 infection might have been falsely 
categorized as non-infected due to late sampling. However, the 
design of the study is advantageous in its focus on a defined 
group of admitted patients suspected of having the infection, 
thus enabling reliable validation of demographic, clinical and 
laboratory data on admission and during the patients’ hospital 
course, as well as their clinical outcomes. Obviously, it should 
be emphasized that the results of the study are not applicable 
to the course of pandemic (H1N1) 2009 virus infection in 
the non-admitted general population, but rather to patients 
whose clinical presentation was severe enough to justify their 
admission. In addition, our study was performed during a 
limited period at the beginning of the pandemic (H1N1) 2009 
virus outbreak in Israel (July–August 2009). Therefore, as the 
characteristics of the pandemic might have changed during the 
subsequent months, some of our study’s conclusions might not 
be applicable to the situation in 2010.

In conclusion, the data indicate that young and relatively 
healthy pandemic (H1N1) 2009 virus-infected patients 
constitute a risk group for a severe clinical course. However, 
mortality, at least in the present series, was confined to 
patients with significant concurrent diseases. Interestingly, 
the data indicate that lymphopenia, sometimes profound, was 
significantly more common among H1N1-positive patients 
with severe disease, in accordance with a previous report 
[3]. Moreover, as shown here, kinetic analysis of the lym-
phocyte counts among ICU patients during hospitalization 
suggested a correlation between the level of lymphopenia 
and severity of the disease. Furthermore, the data also sug-
gest that the absence of recovery in the lymphocyte counts 
despite oseltamivir therapy might predict a poor outcome 
among ICU patients. In accordance, a previous study per-
formed in H5N1-infected mice showed that infection with 
the lethal strains of the virus correlated with a profound 
drop in the lymphocyte counts following their apoptosis, 
accompanied by diminished synthesis of cytokines such as 
interleukin-1 and interferon-gamma [13]. This suggests that 
certain pathogenic strains of influenza virus might severely 
harm the immune system, resulting in disseminated and 
lethal disease, a mechanism that might explain the present 
observations. Therefore, we suggest that lymphopenia and its 
kinetics during hospitalization in severely ill H1N1-infected 
patients might serve as a surrogate marker for the severity of 
the disease and its prognosis. 

In summary, our study shows that both age < 65 and the 
presence of cough are independent predictors for pandemic 
(H1N1) 2009 virus positivity among clinically suspected 
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patients. Notably, in contrast to the typical seasonal flu that 
usually complicates patients in the extreme age groups and 
who have significant comorbidity, the current pandemic has 
an unexpected tendency to complications in young and previ-
ously healthy people. The more severe cases are characterized 
by increased inflammatory markers, along with significant 
lymphopenia. As lymphopenia was associated with disease 
severity and its clinical course, we suggest using the lympho-
cyte count and its kinetics as a surrogate marker for disease 
severity and prognosis. 
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Nets of DNA fibers and antimicrobial proteins in blood vessels 
ensnare and kill microbes during infection, and may also 
provide a scaffold for blood clots. The immune system relies on 
these meshes, known as neutrophil extracellular traps, to fight 
infection. Wagner of the Immune Disease Institute in Boston, 
Massachusetts, and her colleagues found that the nets also 
catch platelets – cell fragments that aid in blood clotting. The 

nets bound additional proteins known to stabilize clots, and DNA 
markers of the nets were found in the blood and clots of baboons 
with deep vein thrombosis – a condition in which blood clots 
form in deep-seated veins. This finding could explain the link that 
has been made in humans between this condition and infection.
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Salmonella enterica serotype Typhimurium (S. typhimurium) 
causes acute gut inflammation by using its virulence factors 
to invade the intestinal epithelium and survive in mucosal 
macrophages. The inflammatory response enhances the 
transmission success of S. typhimurium by promoting its 
outgrowth in the gut lumen through unknown mechanisms. 
Winter and collaborators show that reactive oxygen species 
generated during inflammation react with endogenous, luminal 
sulphur compounds (thiosulphate) to form a new respiratory 
electron acceptor, tetrathionate. The genes conferring the 

ability to use tetrathionate as an electron acceptor produce 
a growth advantage for S. typhimurium over the competing 
microbiota in the lumen of the inflamed gut. The authors 
conclude that S. typhimurium virulence factors induce host-
driven production of a new electron acceptor that allows the 
pathogen to use respiration to compete with fermenting gut 
microbes. Thus the ability to trigger intestinal inflammation is 
crucial for the biology of this diarrhoeal pathogen.
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