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L  imited information exists specific to the 
causes of death in the United States   
resulting from the 20th-century influenza 

pandemics—the “Spanish flu” (1918–1919), 
“Asian flu” (1957–1958), and “Hong Kong flu” 
(1968–1969). In the present study, Morens et 
al examined lung tissue sections obtained dur-
ing autopsy from 58 influenza victims from the 
“Spanish flu” pandemic, 
and reviewed epide-
miologic, pathologic, 
and microbiologic data 
from more than 100 
published autopsy series 
that described more 
than 8,000 autopsy 
investigations. These 
series included 8,398 
autopsy investigations from 15 countries: 96 
postmortem lung tissue culture autopsy series 
(5,266 cases), 42 blood culture series (1,887 
cases), and 35 pleural fluid culture series (1,245 
cases). The authors also reviewed relevant 
pathologic information on the Asian flu and 
Hong Kong flu pandemics, which were descen-
dants of the 1918 virus. The “Spanish flu” pan-
demic was the last pandemic before antibiotics 
became available for use in humans.

In nearly all cases, the examination of recut 
lung tissue revealed considerable histologic 

evidence of severe acute bacterial pneumonia 
caused by common upper respiratory–tract 
bacteria—either as the principal pathology or 
in association with underlying pathologic fea-
tures now believed to be related to influenza 
virus infection. A high incidence of secondary 
pneumonia associated with standard bacterial 
pneumopathogens was seen among the influ-

enza-associated pneumonia 
pathologies. Other unfore-
seen facets of these fatalities 
included the frequency of 
pneumonia caused by mixed 
pneumopathogens (especially 
pneumococci and streptococci) 
and other mixed upper respira-
tory–tract bacteria; the aggres-
siveness of bacterial invasion 

of the lung, massive infiltration of polymorpho-
nuclear neutrophils, necrosis, vasculitis, and 
hemorrhage; and the predominance of broncho-
pneumonia and lobular pneumonia. 

 Among 68 “higher-quality” postmortem 
lung culture series (3,074 autopsies), in which 
the possibility of unreported negative cul-
tures could be excluded, 92.7% of lung tissue 
samples were positive for ≥1 bacterium. Out 
of a total 96 autopsy series (5,266 cases), 82 
reported pneumopathogens in ≥50% of lungs 
assessed, either alone or in mixed culture results 

Bacterial Pneumonia Is Major Contributor to 
Mortality in Pandemic Influenza
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The majority of pulmonary 
deaths from pandemic influenza 

viruses are a byproduct of 
poorly understood interactions 

between the virus and 
secondary infections due to 
upper-respiratory bacteria.



T he threat of avian influenza viruses of the 
H5N1 subtype has precipitated planning 
for the control of a potential pandemic. 

To that end, considerable effort is being made 
toward the development of effective vaccines 
for H5N1. This effort has been impeded by the 
observation that 2 doses of inactivated vaccine 
are necessary to yield serum antibody responses. 
Prevaccination could possibly occur in advance 
of a pandemic; but because the H5 viruses in 
birds have evolved at least 3 genetically distinct 

clades, it is important to investigate whether 
an antibody booster effect can occur when 
revaccination is with a single dose of a variant 
of the initial vaccination clade. It is also impor-
tant to determine the breadth of the antibody 
responses to other H5N1 clades.

Goji and colleagues enrolled 37 of the 117 
subjects who were previously vaccinated (in 
1998) with 2 doses of baculovirus-expressed 
recombinant H5 (rH5) hemagglutinin of the 
A/Hong Kong/156/1997 (clade 0) vaccine. In 

that included other bacteria. Streptococcus 
pneumoniae, Streptococcus heymolyticus, and 
Haemophilus influenzae were the sole patho-
gens isolated in 23.5%, 17%, and 9.9% of the 
5,266 cases, respectively.

 The authors suggest that the majority of 
pulmonary deaths from pandemic influenza 
viruses are a byproduct of not well understood 
interactions between the influenza virus and 
upper-respiratory bacteria, resulting in an over-
whelming bacterial pneumonia. They further 
suggest that any influenza virus that can spread 
to and damage bronchial and/or bronchiolar epi-

thelial cells may hasten the appearance of severe 
and potentially fatal bacterial pneumonia. Thus, 
if death in pandemic influenza is predominantly 
a problem of viral-bacteria copathogenesis, pan-
demic planning must incorporate not only a virus 
strategy but also the prevention, diagnosis, pro-
phylaxis, and treatment of bacterial pneumonia. 

Morens DM, Taubenberger JK, Fauci AS. Predomi-
nant role of bacterial pneumonia as a cause of 
death in pandemic influenza: implications for 
pandemic influenza preparedness. J Infect Dis. 
2008;198(7):962-970.

Predominant Role of Bacterial  (Continued)

Single Dose of Avian Influenza Vaccine Generates 
Immune Response in Individuals Primed With 
Antigenic Variant
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COMMENTARY 
JAY M. LIEBERMAN, MD, Professor of Clinical Pediatrics, University of California, Irvine.
The 1918-1919 Spanish flu pandemic was responsible for an estimated 675,000 deaths in the United 
States and more than 40 million deaths globally. In contrast to our current annual “seasonal flu” 
outbreaks in which >90% of deaths occur in the elderly, >99% of deaths from the Spanish flu occurred 
among those younger than 65 years. This fascinating report in The Journal of Infectious Diseases 
suggests that bacterial superinfection, caused by Streptococcus pneumoniae, Group A streptococcus, or 
Staphylococcus aureus, was the predominant cause of death during the Spanish flu outbreak. A report 
in the October 2008 issue of Pediatrics highlighted the importance of Staphylococcus A infections, 
particularly methicillin-resistant Staphylococcus A, as a cause of death among children with influenza in 
the present day.1 The take-home message is that planning for the inevitable next influenza pandemic 
(whether or not it is avian influenza) should include not only the need for a vaccine against the pandemic 
strain but also consideration for expanded use of pneumococcal vaccines and continued development of 
an effective Staphylococcus A vaccine.

1.  Finelli L, Fiore A, Dhara R, et al. Influenza-associated pediatric mortality in the United States: increase of 
Staphylococcus aureus coinfection. Pediatrics. 2008;122(4):805-811.
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the present study, the subjects received a single 
intramuscular dose of 90 μg of egg-derived, 
subvirion A/Vietnam/1203/2004 (clade 1) vaccine 
in 2006. Serum samples for assessment of hem-
agglutination-inhibition (HI) and microneutraliza-
tion (MN) responses were obtained before vacci-
nation and on Days 28 and 56 post-vaccination. 
Antibody responses were compared with those 
measured after one or two 90-μg doses of the 
subvirion A/Vietnam/1203/2004 (clade 1) vac-
cine in H5-naïve subjects from a previous study. 
The breadth of the antibody response was 
compared to H5N1 viruses in clade 0 (A/Hong 
Kong/156/1997), clade 1 (A/Vietnam/1203/2004), 
and clade 2 (A/Indonesia/05/2005).

On Day 28 after a single 90-μg dose, the 
geometric mean titer (GMT) of neutralizing 
antibody in primed subjects was 94 (95% confi-
dence interval [CI], 60-147; P<0.001), with 76% 
having a “protective” antibody response). Con-
versely, on Day 28 after the second dose (Day 
56 of outcome measurement), H5-naïve subjects 
who recevied two 90-μg doses had a GMT of 

23 (95% CI, 18-29), with 41% responding with 
protective levels of neutralizing antibodies. Sub-
jects who were primed with a clade 0 virus and 
boosted with a clade 1 virus had significantly 
higher antibody response to the clade 2 virus 
compared with H5-naïve subjects who received 
2 doses of the clade 1 virus. Importantly, vac-
cination of primed subjects was not associated 
with increased local or systemic reactogenicity 
compared with H5-naïve subjects receiving 1 or 
2 dose of the subvirion vaccine.

The authors suggest that if priming can result 
in enhanced antibody response to a single 
vaccine dose, then prepandemic vaccination pro-
grams could be considered, especially in people 
who are first responders, healthcare workers 
and the military.

Goji NA, Nolan C, Hill H, et al. Immune responses 
of healthy subjects to a single dose of intra-
muscular inactivated influenza A/Vietnam/1203/
2004(H5N1) vaccine after priming with an anti-
genic variant. J Infect Dis. 2008;198(5):635-641.
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Immune Responses (Continued)

Question 1 answer: a. In the study by Morens et al, high-quality postmortem lung cultures indicated the 
presence of ≥1 bacterium in 92.7% of samples.  

Question 2 answer: c. According to Goji et al, priming can result in immune responses to a single dose of 
an antigenically variant H5N1 influenza virus, which may be useful in pandemic control.

Clinical Insights® in Pediatric Respiratory Care Post-Test
1. In the study by Morens et al, what did high-quality postmortem lung cultures indicate?

 a. The presence of ≥1 bacterium in 92.7% of samples
 b. Minimal histologic evidence of severe acute bacterial pneumonia
 c. Severe, virus-induced tissue damage in most samples
 d. A high incidence of nonpneumopathogenic bacteria

2.  According to Goji et al, which of the following statements is accurate regarding priming for 
 avian influenza with an antigenically variant strain?

 a. Prevaccination offers no priming advantage when an avian influenza pandemic is of an 
  antigenic variant 
 b. Prevaccination with an antigenic variant offers some priming effect, but the geometric mean 
  titer is higher for H5-naïve individuals who receive dual vaccination of the pandemic strain
 c. Priming can result in immune responses to a single dose of an antigenically variant H5N1 influenza 
  virus strain significant enough to be useful in pandemic control
 d. The study findings are inconsistent with previous reports that a third dose of H5 vaccine 
  can result in significant increases in antibody level for both the H5N1 and H5N3 vaccines

ANSWERS
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CME Activity Evaluation/Registration Form 
 
 

Participants who wish to obtain CME credit, please complete the contact information below, sign this form, and fax it with the 
completed post-test to 1 (201) 430-1441 or mail to PPS, CME Dept. T328, 200 Meadowlands Parkway, Secaucus, NJ 07094-2302.  
You may download previous issues of Clinical Insights® in Pediatric Respiratory Care e-newsletters by visiting us online at 
www.PediatricRespiratory.org. 

I have participated in this activity as designed and am claiming _______ AMA PRA Category 1 Credit™ (maximum 0.50) 

________________________________________________________________________  
 (Signature) (Date) 
PLEASE PRINT CLEARLY 
 

 Dr  Mr  Mrs  Ms  Prof Other (Please specify) _________________________________________________ 
First Name                            

Last Name                            
Degree  MD   PharmD   DO   NP   PA   RPh   Other (Please specify) ___________________  
Specialty  Family Practice   Pediatrics  General Practice   Neonatal   Other (Please specify) ___________ 
Profession                            

PREFERRED MAILING ADDRESS  Home  Office  Practice  Academic 

Dept/Div/Suite/Unit/Affil                             
Street                                   

City/State/ZIP Code                       Country        

Email                                  
(Please print clearly) 

Phone:      -    -     Fax:    -    -     
 

Overall Program 

1. This activity met the stated objectives in such a way that I am better able to: 
Strongly 
Disagree Disagree Agree Strongly 

Agree 

a. Explain the complications of influenza that contribute to mortality 1 2 3 4 5 6 
b. Relate the impact that priming with a prepandemic vaccine can have enhanced  

antibody response to avian influenza with a single dose vaccination. 
1 2 3 4 5 6 

2. Please rate the following statements:       
a. Activity provided clear evidence to support the content 1 2 3 4 5 6 
b.  Activity was presented in a way that facilitated learning 1 2 3 4 5 6 

3. Did the activity present a balanced view of therapeutic options available for the disease state(s)?  Yes  No* 
* If you checked “No,” please explain.  
 

4. Did the activity present content that fairly represented and was based on a reasonable and valid 
interpretation of the information available on the subject? 

 Yes  No* 

* If you checked “No,” please explain.  
 

5. Did the activity appear to place an unreasonable emphasis on one particular product/service?  Yes*  No 
* If you checked “Yes,” please explain.  

 
6. In reflecting on your practice, what type of impact will this educational activity have? (Select all that apply.) I will: 

 Manage the risk of secondary bacterial infection during influenza 
 Recognize the benefit of avian influenza vaccine in advance of a pandemic, regardless of clade 
 Other (please specify) _________________________________________________________________________________________________________  

7. What topics should be dealt with in more detail? (Select all that apply.) 
 Contemporary pandemic planning 
 Evolution of variant virus clades  
 Other (please specify) _______________________________________________________________________________________________________  

8. What is the most important thing you learned from this activity?____________________________________________________________________  
 

Thank you for your participation. 

Activity Code: T328-12 Issue Date: Dec. 22, 2008 Valid Through: Feb. 22, 2009 
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