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Abstract. This observational study determined the prevalence of influenza and influenza-like-
illness (ILI) in patients hospitalized for acute coronary syndrome (ACS). Serological confirma-
tion and a clinical history of influenza or a recent acute upper respiratory infection were ob-
tained in 376 patients admitted to Maharaj Nakhon Chiang Mai Hospital, Thailand, from June
2006 through May 2007 for ACS. We found evidence of confirmed influenza preceding ACS in
47 patients (12.5%) and for recent ILI in 41 patients (11%). There were more influenza and ILI
patients admitted in the winter than in other months. Influenza vaccination may be protective
in high risk patients.

tional study showed that the annual incidence
of cardiovascular mortality has a significant
correlation with influenza pneumonia mortal-
ity, with peaks that lagged behind influenza
infection by about 2 weeks (Glezen et al,
1982). Some clinical studies have concluded
that myocardial infarction is preceded by up-
per respiratory tract infection (Pesonen and
Sittonen 1981; Meier et al, 1998; Zheng et al,
1998). In a study conducted among nearly
35,000 individuals, influenza epidemics were
associated with a peak in autopsy confirmed
deaths from acute myocardial infarction and
ischemic heart disease (Madjid, 2007b).

Influenza vaccination is associated with a
significantly reduced risk of cardiovascular
events for individuals with coronary artery dis-
ease, cerebrovascular disease and in elderly
people (Vu et al, 2002; Nichol et al, 2003, 2007).
The American Heart Association/American
College of Cardiology (AHA/ACC) recommends
influenza vaccination as part of comprehensive
secondary prevention in adults with coronary
and atherosclerotic vascular disease (Davis
et al, 2006). In Thailand, the estimated inci-
dence of influenza in 2006 from the Ministry

INTRODUCTION

Influenza can exacerbate underlying
medical conditions such as cardiovascular dis-
ease, and the course of infection may become
complicated by viral or secondary bacterial
pneumonia (Advisory Committee on Immuni-
zation Practice, 2006). Many studies have
shown the incidence of pneumonia is com-
mon as an influenza complication (Harper et
al, 2002). Acute coronary syndrome (ACS) can
be triggered by influenza infection (Madjid et
al, 2003). The mechanism by which influenza
might trigger ACS is not well understood, but
systemic infections can cause inflammatory
responses that may influence the development
and progression of vascular injury. Influenza
infection has been suggested as an explana-
tion for winter peaks of acute myocardial inf-
arction (AMI) (Sheth et al, 1999). An observa-
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of Public Health was 11.45 per 100,000 per-
sons (Ministry of Public Health, 2007). There
is no official recommendation for influenza vac-
cination in the elderly or for individuals with
cardiovascular disease in Thailand, and influ-
enza vaccine is administered to less than 1%
of the population annually (Simmerman et al,
2004). Recognition of influenza as a trigger for
ACS would provide a strong rationale for rec-
ommending influenza vaccination in people
with coronary heart disease. In this study, we
looked for evidence of recent influenza infec-
tion prior to acute coronary syndrome among
patients admitted to a tertiary care hospital in
northern Thailand.

MATERIALS AND METHODS

Patients

Between June 2006 and May 2007, eli-
gible ACS patients admitted to Maharaj
Nakhon Chiang Mai Hospital who survived at
least 14 days after admission and gave in-
formed consent were studied for evidence of
recent influenza infection by taking a history
of recent upper respiratory tract infection (fe-
ver, runny nose, sore throat, myalgia, head-
ache, productive cough) prior to ACS admis-
sion, and by conducting serologic tests for
influenza A and B antibodies. The study was
approved by the Ethical Review Committee of
Faculty of Medicine, Chiang Mai University,
Thailand.

Clinical and laboratory evaluation

ST segment elevation acute myocardial
infarction (STEMI) was diagnosed in patients
presenting with chest pain longer than 20 min-
utes duration, post-cardiac arrest, shock, syn-
cope, or cardiac dyspnea with new ST-seg-
ment elevation at the J point (greater than or
equal to 0.2 mV in V1, V2, or V3 or greater
than or equal to 0.1 mV in other leads) in 2 or
more contiguous leads or with the presence
of a new left bundle branch block in the set-
ting of positive cardiac markers (MB isoen-

zyme of creatinine kinase >2 fold above the
upper normal limit, or troponin-T or troponin-
I >0.1 ng/ml). Patients were diagnosed to have
non-ST-segment elevation myocardial infarc-
tion (NSTEMI) if presenting with chest pain
longer than 20 minutes, post-cardiac arrest,
shock, syncope, or cardiogenic dyspnea with
ST depression or T-wave inversion with the
presence of at least one positive biochemical
marker for myocardial necrosis. Unstable an-
gina was diagnosed in those presenting with
chest pain, abnormal electrocardiographic
findings suggesting cardiac ischemia, and
absence of positive biomarkers (Srimahachota
et al, 1998).

Basic demographic data were collected
from all eligible patients. A history of recent
upper respiratory tract infection was evalu-
ated, and paired sera (2 weeks apart; admis-
sion day and day 14 after admission) were
tested for influenza A and B infection by en-
zyme-linked immunosorbent assay (ELISA)
(Euroimmun AG, Luebeck, Germany) at the
viral laboratory of the Maharaj Nakhon Chiang
Mai Hospital.

Patients were evaluated and classified into
one of four categories regarding influenza: ie,
recent influenza, recent influenza-like illness,
possible influenza and no evidence of recent
influenza. Recent influenza was diagnosed if
patients had a definite serological test ie two-
fold increase in IgG titer or IgM:IgG ratio ≥ 1.1
regardless of clinical symptoms. Those with a
serum IgM:IgG ratio ≥ 0.8 to<1.1, or less than
a 2-fold increase in IgG titer, were classified
as having possible serological evidence of
influenza infection. Negative serology was di-
agnosed if the serum IgM:IgG ratio was < 0.8
or a rising IgG titer was absent. Patients hav-
ing a definite URI history, ie a history of fever
and at least one of the following symptoms,
runny nose, sore throat, myalgia, headache,
productive cough, with negative or possible
serology were diagnosed as having a recent
influenza-like illness. The diagnosis of possible
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recent influenza was made if patients had a
possible URI history, and/or possible serologic
results. Patients without the above clinical di-
agnoses and laboratory results were diagnosed
as without evidence of recent influenza.

RESULTS

Between June 2006 and May 2007, 428
ACS patients were hospitalized at Maharaj
Nakhon Chiang Mai Hospital. In this group,
there were 376 eligible patients. The 52 ineli-
gible patients were excluded because of loss
to follow-up or death within 14 days of ad-
mission. One hundred ninety-eight patients
(53%) were men. The average age was
64.7±10.7 years. One hundred eighty-four
patients (48.9%) had ST elevation myocardial
infarction. Non-ST elevation myocardial infarc-
tion and unstable angina were diagnosed in
132 (35.1%) and 60 patients (16%), respec-
tively (Table 1).

Among the recruited 376 patients, 47
(12.5%) met our diagnostic criteria for recent
influenza; 34 (9%) by serology alone and 13
(3.5%) by serology and possible or definite
symptoms (Table 2). Forty-one patients (11%)
had recent influenza-like illness. Possible re-
cent influenza was diagnosed in 50 patients
(13%); 26 (7%) by possible URI history, 20 (5%)

by possible serology results and 4 (1%) by
both possible URI history and serology. There
were 238 patients (63%) with neither clinical
nor serological evidence of recent influenza
(Table 2). There were 74 patients with a pos-
sible or definite serological test. Of these, 45
(60.8%) had evidence of influenza A and 4
(5.4%) had evidence of influenza B. Finally, 25
patients (33.8%) had serological evidence for
both influenza A and B. The frequencies of
influenza diagnosis by month and season are
shown in Figs 1 and 2. There were significantly
higher numbers influenza and influenza-like
illness among admitted ACS patients in the

Parameter
Average age (yrs) 64.7±10.7
Sex (M:F) 1.1:1
Diagnosis, N (%)

STEMI 184 (48.9%)
NSTEMI/UA 187 (61.1%)

Underlying disease/risk factors, N (%)
Diabetes 156 (41.5%)
Hypertension 250 (66.5%)
Smoking 126 (33.5%)
Dyslipidemia 295 (78.5%)
Family history of coronary artery disease 37 (9.8%)

Table 1
Patient baseline characteristics.

Negative Possible Definite

Serology
Negative 238 (63.3%)a 26 (6.9%)b 38 (10.1%)c

Possible 20 (5.4%)b 4 (1%)b 3 (0.8%)c

Definited 34 (9%)d 3 (0.8%)d 10 (2.7%)d

Table 2
The frequency of each influenza diagnosis according to predefined diagnostic criteria.

aWithout recent influenza 238 (63.3%)
bPossible recent influenza 50 (13.3%)
cRecent influenza-like illness 41 (10.9%)
dDefinite recent influenza 47 (12.5%)

History of URI
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winter. The highest rate was for both influenza
and influenza-like illness was 44% in Febru-
ary 2007.

DISCUSSION

This observational study, focused on the
prevalence of recent influenza and influenza-
like illness among patients admitted with ACS
to a tertiary care hospital. We found evidence
of confirmed influenza preceding ACS in 47
patients (12.5%) and for recent influenza-like
illness in 41 patients (11%). The prevalence
of influenza and influenza-like-illness in our
ACS population was approximately 23%,
which is much higher than the 0.01% preva-
lence reported by the Ministry of Public Health

for the general Thai population (Minis-
try of Health, 2007). This may be ex-
plained by under diagnosis on national
surveillance and/or the benign and self-
limited nature of influenza in the gen-
eral population. The increase in fre-
quency of occurrence of influenza in
cardiac patients in winter time was simi-
lar to other published reports (Glezen
et al, 1982; Sheth et al, 1999) The re-
sults of this study are consistent with
others that influenza can trigger ACS
(Madjid et al, 2007a,b), and suggest
that the prevalence of influenza infec-
tion in patients in Thailand presenting
with ACS is sufficient to warrant vacci-
nation as a prevention measure.

Influenza has never been proven as
a definite cause of ACS. Only one study
has established a possible connection
between acute systemic infection and
increasing inflammatory cells in human
atherosclerotic arteries (Madjid et al,
2007a). However, there is indirect evi-
dence from clinical studies suggesting
a protective role of influenza vaccination
against the development of coronary ar-
tery disease (Madjid et al, 2007b) and

Fig 1–Monthly prevalence (percentage) of recent influenza
and influenza-liked illness in patient with acute coro-
nary syndrome.

Fig 2–Seasonal prevalence of recent influenza and influ-
enza-like illness showing a significantly higher preva-
lence in winter.
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the risk of hospitalization from cardiac disease
(Nichol et al, 2003).

The use of influenza vaccine in Thailand
is limited. There is no recommendation for in-
fluenza vaccination in the elderly or in patients
with cardiovascular disease. This could reflect
the perception of the Ministry of Public Health
that influenza and its complications are rela-
tively rare and thus vaccination is not cost-
effective. The prevalence of influenza in the
ACS population in our study was nearly 25%,
and if an etiologic relation to ACS among these
patients can be shown, then influenza vacci-
nation could be very protective in these high
risk patients, with only a small number of pa-
tients needing to be vaccinated in order to
prevent one ACS.
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Our study was limited by the absence of
a control population. The prevalence of influ-
enza and influenza-like illness in those with-
out ACS during the same time period is as-
sumed, given available surveillance data, but
not measured. Our data does indicate a suffi-
ciently high prevalence of influenza in this spe-
cific group of patients, higher than expected,
and does support the hypothesis that influ-
enza may be associated with acute coronary
syndrome.

REFERENCES

Advisory Committee on Immunization Practices,
Smith NM, Bresee JS, et al. Prevention and
control of influenza: recommendations of Ad-
visory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep 2006; 55(RR-
10): 1-41.

Davis MM, Taubert K, Benin AL, et al. Influenza
vaccination as secondary prevention for car-
diovascular disease: A science advisory from
the American Heart Association/American
College of Cardiology. Circulation 2006; 114:
1549-53.

Glezen WP, Payne AA, Snyder DN, Downs TD.
Mortality and influenza. J Infect Dis 1982; 146:
313-21.

Harper S, Klimov A, Uyeki T, Fukuda K. Influenza.
Clin Lab Med 2002; 22: 863-82.

Madjid M, Naghavi M, Litovsky S, Casscells SW.
Influenza and cardiovascular disease: a new
opportunity for prevention and the need for
further studies. Circulation 2003; 108: 2730-
6.

Madjid M, Vela HK, Khalili–Tabrizi H, Cassells SW,
Litovsky S. Systemic infections cause exag-
gerated local inflammation in atherosclerotic
coronary arteries. Tex Heart Inst J 2007a; 34:
11-18.

Madjid M, Miller CC, Zarubaev VV, et al. Influenza
epidemics and acute respiratory disease ac-
tivity are associated with a surge in autopsy-

confirmed coronary heart disease death: re-
sults from 8 years of autopsies in 34,892 sub-
jects. Eur Heart J 2007b; 28: 1205-10.

Meier CR, Jick SS, Derby LE, Vasilakis C, Jick H.
Acute respiratory tract infections and risk of
first-time acute myocardial infarction. Lancet
1998; 351: 1467-71.

Ministry of Public Health Thailand. 2007. [Cited
2008 May 22]. Available from: URL: http://203.
157.15.4/surdata/disease.php?ds=15

Nichol KL, Nordin J, Mullooly J, Lask R, Fillbrandt
K, Iwane M. Influenza vaccination and reduc-
tion in hospitalizations for cardiac disease and
stroke among the elderly. N Engl J Med 2003;
348: 1322-32.

Nichol KL, Nordin JD, Nelson DB, et al. Effective-
ness of influenza vaccine in the community-
dwelling elderly. N Engl J Med 2007; 357:
1373-81.

Pesonen E, Sittonen O. Acute myocardial infarction
precipitated by infectious disease. Am Heart J
1981; 101: 512-3.

Sheth T, Nair C, Muller J, Yusuf S. Increased win-
ter mortality from acute myocardial infarction
and stroke: the effect of age. J Am Col Cardiol
1999; 33: 1916-9.

Simmerman JM, Thawatsupha P, Kingnate D,
Fukuda K, Chaising A, Dowell SF. Influenza in
Thailand: a case study for a middle income
countries. Vaccine 2004; 23: 182-7.

Srimahachota S, Kanjanavani R, Boonyaratavej S.
Demographic, management practices and in-
hospital outcomes of Thai acute coronary syn-
drome registry (TACSR): The difference from
the western world. J Med Assoc Thai 2007;
90(suppl 1): 1-11.

Vu T, Farish S, Jenkins M, Kelly H. A meta-analysis
of effectiveness of influenza vaccine in persons
aged 65 years and over living in the commu-
nity. Vaccine 2002; 20: 1831-6.

Zheng ZJ, Mittleman MA, Tofler GH, et al. Infections
prior to acute myocardial infarction onset [Ab-
stract]. J Am Coll Cardiol 1998; 31(suppl A):
132A.


