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ABSTRACT: The aim of this study was to report the clinical and laboratory charac-
teristics of bacterial pneumonia related to measles infection, and also to assess any
correlation between severity and time of onset.

Four hundred and twenty-four previously healthy young males (age 22�2.1 yrs)
were hospitalized with typical symptoms and signs of measles. One hundred and
twelve (26%) developed bacterial pneumonia on admission (n=41), during their hos-
pital stay (n=20) or days after their discharge (n=51): groups A, B and C, respect-
ively.

Single lobar consolidation was the most common finding, accounting for 89% of
cases. Pleural effusion was uncommon and associated in half of the cases with em-
pyema. A microbiological diagnosis was made in 81 cases. Streptococcus pneumoniae
(65 cases) and Klebsiella pneumoniae (9 cases) were the most commonly identified
organisms. Patients from group C had significantly higher values of white blood cell
count and erythrocyte sedimentation rate, and lower values of arterial oxygen tension
(14�0.86109.L-1, 88�4 mm and 6.3�0.4 kPa (47�3 mmHg), respectively) than the
other two groups. There were no deaths during the hospitalization period. The mean
duration of hospital stay was 13�2.4 days and was longer in the presence of K.
pneumoniae infection (19�1.6 days). Six patients from group C were admitted to the
intensive care unit.

In conclusion, these data suggest that bacterial pneumonia associated with measles
is not unusual in hospitalized adults, and it seems to be more severe when it occurs
days after the onset of rash.
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Measles remains a common childhood illness but epi-
demic patterns vary depending on population density and
levels of acquired immunity. Prior to the vaccine era, mea-
sles occurred in epidemics of 3±4 months duration, every
2±5 years in temperate regions [1]. Except in isolated
areas, most people had experienced the infection by the
age of 20 yrs, and 90% of reported cases occurred in those
<10 yrs of age [2]. Immunization programmes have mark-
edly reduced the incidence of measles in developed coun-
tries. A routine two daily dose measles vaccine schedule
is currently recommended, with the first dose at 15 months
of age, or 12 months in high-risk areas, and the second
dose at 6 yrs of age. The most common complication of
the disease is pneumonia which is classified as primary
measles virus pneumonia or secondary bacterial pneumo-
nia [3].

Currently, over one-third of cases are reported in people
aged $15 yrs, particularly in relation to outbreaks in high
school and college student populations [4]. Other reports
have emphasized the increasing frequency in unvaccinated
young adults in the military [5]. Previous reports have
characterized measles-related bacterial pneumonia (MBP)
as being common in children and having serious conseq-
uences [6]. These traditional views require reassessment in
the young adult.

A large epidemic of measles in the Greek army has pro-
vided a unique opportunity to study bacterial pneumonia
as a suprainfection in patients with measles and also to
investigate if there is a correlation between its severity and
its onset.

Materials and methods

An epidemic of 1,400 cases (15% of the entire epide-
mic population) of clinical measles occurred in the Greek
army between January 1996 and July 1996. Of these cases,
424 previously healthy young males (mean age 22�2 yrs),
were admitted to the infectious diseases ward at the Army
General Hospital of Athens for the following reasons: 1)
in order to protect the rest of the army population from
virus transmission; 2) more severe clinical course than
those not admitted; and 3) difficulty in the administration
of appropriate primary healthcare to the epidemic popula-
tion in the army areas.

The diagnosis of measles was established by a history
of a typical prodrome and physical signs including macu-
lopapular rash, conjunctivitis, pharyngitis, Koplik spots
and lymphadenopathy. In 24 cases there was some debate
about the clinical diagnosis. In those patients the diagnosis
was substantiated by elevated immunoglobulin-M (IgM)
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levels to the measles virus in the serum measured by en-
zyme immunoassay. No patient had received the second
dose of measles vaccine. Of the 424 patients, 126 (30%,
mean age 22�1 yrs) were admitted to our department with
a diagnosis of "pneumonia". Using the criteria of MYOU et
al. [7], seven patients were believed to have primary mea-
sles virus pneumonia (MVP) and were excluded from the
study. Seven of the remaining patients were also excluded
for having adenovirus-related pneumonia (one), mycoplas-
ma pneumonia (four) and tuberculosis (two). The remain-
ing 112 patients were found to have MBP on the basis of
the following criteria [8]: 1) productive cough with puru-
lent sputum; 2) consolidation of infectious origin on chest
radiograph; 3) increase of white blood cell (WBC) count;
4) clinical course suggesting bacterial infection; and 5)
Gram-stain of the sputum specimen suggestive of bacte-
rial infection. These patients were divided into three groups
according to the period in which MBP occurred. Group A
(n=41) consisted of those patients who had MBP on ad-
mission. In group B (n=20), patients were normal on ad-
mission but changes compatible with MBP were found
during their hospital stay. In the 51 patients of group C,
MBP was found days after their hospital discharge (mean
time 8�1.2 days). Four patients from those with elevated
IgM levels to the measles virus developed MBP (group
A=2, group C=2).

The following measurements were recorded during the
patient's clinical and laboratory evaluation.

Chest radiograph

All chest radiographs were evaluated for: 1) the extent
of consolidation; and 2) the extent of radiographic resolu-
tion after diagnosis and treatment. All 424 patients recei-
ved a chest radiograph immediately on admission. Patients
from group B and C had a normal chest radiograph on
admission. Our policy was to perform a second chest rad-
iograph in all the patients with measles before discharge
from the hospital. In patients from group C this radio-
graph was also normal. A sinus radiograph was performed
when a diagnosis of MBP was established.

Symptoms and physical findings

Symptoms (cough, sputum production, and dyspnoea)
were recorded using a severity score scale 0±3 (0=none,
1=mild, 2=moderate, and 3=severe). Temperature, cardiac
frequency, respiratory frequency, and blood pressure were
the parameters analysed.

Microbiology/antibiotic treatment

Nasopharyngeal, sputum and blood specimens for bac-
teria were obtained at the time of diagnosis of MBP and
before antibiotic treatment was started. In patients admitt-
ed to the intensive care unit (ICU) two more blood cul-
tures were routinely collected although antibiotic treatment
had already been started. To attribute the cause of pneumo-
nia, sputum culture for bacteria was used in most cases.
Sputum cultures were accepted only if they agreed with a
Gram-stain. All sputum samples were representative of

lower respiratory tract secretions as they contained $25
neutrophils and #10 epithelial cells per microscopic field.
Blood cultures were only used if they were positive on ad-
mission. In patients with empyema, pleural fluid culture of
bacteria was used.

Blood tests

Venous blood was sampled for urea, creatinine, electro-
lytes, albumin, liver function tests (serum glutamate oxalo-
acetate transaminase (SGOT), serum glutamate pyruvate
transaminase (SGPT), and alkaline phosphatase (ALP)),
full blood count (FBC), erythrocyte sedimentation rate
(ESR). Arterial blood gases were analysed before starting
oxygen therapy (blood gas analyser ABL 500, Radiome-
ter, Copenhagen, Denmark). Antibody titres to atypical
pneumonia micro-organisms and viruses were measured in
all the 126 patients with suspected pneumonia. Antibody
titres to influenza A and B viruses, adenoviruses. Myco-
plasma pneumoniae, Chlamydia pneumoniae, Rickettsiae
and Legionella pneumophila were compared between the
acute and convalescent phase of the disease. A 4-fold rise
or a single titre $1:128 were considered significant of a
recent infection.

Outcome

Outcome was assessed by survival, clinical complica-
tions related to pneumonia and duration of hospital stay.
Data are expressed as mean�SEM. Two-way analysis of
variance (ANOVA) was used for statistical analysis. A sig-
nificant difference between samples was accepted at p<
0.05.

Results

Radiographic findings

Radiographic findings are summarized in table 1. Pul-
monary consolidation was confined to a single lobe in
89% of the patients. Patients from group C were found to
have a higher percentage of two lobes affected (18%, p<
0.001). Multilobar findings were mainly reported in pa-
tients with pneumonia related to klebsiella. Radiographic
presentation of sinusitis was mainly found in patients of
group C (64%). Six patients from group C and one from
group A had a history of previous sinus disease. Pleural
effusion was found equally among the three groups. Us-
ing the criteria of LIGHT et al. [9], it was characterized as
parapneumonic in three cases (one in each group) and as
empyema in two cases in group C and in one case in
group A. Delayed radiographic resolution was found in
patients of group C (table 1). These findings were mainly
associated with a high percentage of sinusitis and also
with pneumonia related to klebsiella. Separating these
two subgroups from the total number of patients in group
C, on average, a radiographic resolution of 7.8�1 weeks
and 8.3�1 weeks was found, respectively. The remaining
patients had a radiographic resolution, on average, of 6�1
weeks. These three values were higher than in the other
two groups (p<0.001, p<0.0001, p<0.01 respectively).
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Symptoms and physical findings

The values of symptom severity scores and of physical
findings are presented in table 2. Cough (89%) and spu-
tum production (91%) were the most commonly report-
ed respiratory symptoms. When comparing the dyspnoea
score, patients from group C had, on average, higher val-
ues than the other two groups (1.01�0.2, p<0.001). When
the nine patients with klebsiella-related pneumonia were
looked at, the dyspnoea score was significantly higher
than the remaining 42 patients of this group (2.2�0.3 ver-
sus 0.75�0.3, p<0.0002). Temperature >37.58C was rec-
orded in 104 patients. Systolic and diastolic hypotension
(<100 mmHg and <70 mmHg, respectively) were noted
in six patients from group C who required admission to
the ICU. In the same patients an increase in cardiac fre-
quency and respiratory frequency was also found (125�
13 beats.min-1 and 33�1.7 breaths.min-1, respectively).

Delayed resolution was recorded in patients from group C
(2.8�0.1 weeks, p<0.0001).

Microbiology/antibiotic treatment

A satisfactory sputum sample was obtained in 95 pa-
tients (85%). A microbiological diagnosis was established
in 81 cases (72%). The 14 missing patients were taking
oral antibiotics on admission. Sputum Gram-stain exami-
nation predicted the correct pathogen in all the remaining
81 patients. The predominant pathogen was S. pneumo-
niae (65 cases), followed by K. pneumoniae (nine cases)
and Staphylococcus aureus (three cases) (table 3). Naso-
pharyngeal specimen examination predicted the correct
pathogen in 49 patients and was misleading in the remain-
ing 32 patients. In all the cases with empyema S. pneumo-
niae was isolated in pleural fluid. This finding was in
agreement with the Gram-stain and sputum culture for
bacteria in the same patients. All blood cultures (before
antibiotic treatment) for bacteria were negative. Presence
of bacteraemia was found in six patients from group C (all
admitted to ICU) with MBP related to klebsiella although
antibiotic treatment had already been started. Treatment
with antibiotics was instituted in all patients. The most
frequently prescribed antibiotics were co-amoxiclav (54
cases), benzylpenicillin (15 cases), erythromycin (12 cas-
es) and cefamandole (11 cases).

Blood tests

The results of haematology tests and blood gases are
listed in table 2. Patients from group C were found to have
lower values of arterial oxygen tension (Pa,O2) in relation
to the other two groups (6.3�0.4 kPa (47�3 mmHg) p<
0.002). The same patients were found to have an increase

Table 2. ± Symptom scores, physical findings, haematology results and blood gases in patients with measles-related
bacterial pneumonia

Group A (n=41) Group B (n=20) Group C (n=51) p-value

Symptom score
Cough 1.8�0.2 1.7�0.3 1.9�0.6 NS

Sputum production 2�0.2 1.9�0.6 2.1�0.3 NS

Dyspnoea 0.2�0.1 0.3�0.1 1.01�0.1 <0.001
Total symptom score 1.4�0.1 1.3�0.3 1.7�0.3 NS

Time for symptoms 1.5�0.1 1.6�0.2 2.8�0.1 <0.0001
to resolve weeks

Physical findings
Temperature 8C 37.7�0.4 38.01�0.6 38.2�0.3 NS

Cardiac frequency beats.min-1 89�11 93�12 99�18 NS

Respiratory rate breaths.min-1 17�2 15�3 18�2 NS

DBP mmHg 79�7 77�6 71�5.8 NS

SBP mmHg 117�7.3 115�5.3 109�6 NS

Blood gases
Pa,O2 mmHg 67�11 71�8 47�3 <0.002
Pa,CO2 mmHg 38�0.7 37�1.7 35�18 NS

pH 7.42�0.1 7.39�0.6 7.44�0.5 NS

Haematology
WBC 6109.L-1 9.2�1.3 10.1�0.3 14.4�0.4 <0.0001
ESR mm 62�3 71�3 88�4 <0.01
Hb g.dL-1 12�1.1 12.4�1.3 11�0.9 NS

Data are expressed as mean�SEM. DBP: diastolic blood pressure; SBP: systolic blood pressure; WBC: white blood cells; ESR:
erythrocyte sedimentation rate; Hb: haemoglobin; Pa,O2: arterial oxygen tension; Pa,CO2: arterial carbon dioxide tension. For definition
of groups see footnote to table 1. (1 mmHg=0.133 kPa.)

Table 1. ± Radiographic findings in patients with measles-
related bacterial pneumonia (MBP)

Group A
(n=41)

Group B
(n=20)

Group C
(n=51)

Number of lobes involved
One 39 19 42
Two 2 1 9{

Three or more 0 0 0
Pleural effusion 3 1 3
Sinusitis 2 3 27{

Time of radiographic 5�1 5�1 7.5�1.5{

resolution weeks*

*Data are presented as mean�SEM. Group A: MBP on admis-
sion; Group B: MBP developed during hospital stay; Group C:
MBP developed days after discharge. {: p<0.001 versus the
other two groups; {: p<0.002 versus the other two groups.
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in WBC count and ESR compared to the other two groups
(14.4�0.46109.L-1, 88�4 mm, respectively p<0.0002).
WBC and ESR values in K. pneumoniae patients were
18�0.76109.L-1 and 114�4 mm, respectively. These val-
ues were higher than the 42 remaining patients of group C
(13.4�0.56109.L-1, 97�4 mm, p<0.002). Finally, the val-
ues for these 42 patients were higher than the other two
groups (p<0.001). There was a mild elevation in liver
function tests which was equally presented among the
three groups. No abnormal values were found in renal
function tests, electrolytes or albumin.

Outcome

All the patients survived to hospital discharge. Admis-
sion to ICU was required for six patients (all from group C
with klebsiella-related pneumonia). One required mechan-
ical ventilation. A small pericardial effusion was reported
in one patient (group C). The mean duration of hospital
stay was 13�2.4 days and it was longer in group C patients
(15�2.1 days). This was due to klebsiella-related pneumo-
nia, which resulted in the longest duration of stay (19�1.6
days). Finally, no particular findings in the four patients
with elevated IgM levels to measles virus were found.

Discussion

It was shown that MBP was not unusual in adults and
also that a severity assessment based on variables obtained
from history, laboratory and radiographic data, microbiol-
ogy and finally outcome, identified a subgroup of patients
with increased risk of a severe clinical condition. This
group mainly consisted of patients in whom MBP occurred
days after the onset of the rash.

Although MBP is regarded as a common complication
of measles, its frequency appears to be highly variable.
Rates of 3.5±50% have been reported in both children and
young adults by different authors [10, 11]. Few studies
have assessed the frequency of MBP complicating measles
in young adults. In a group of naval recruits, MBP oc-
curred in 50% of patients, but the study population con-
sisted of only 32 young adults [12]. The present study
confirms a lower percentage for those affected (7%) and
hospitalized (24%) but the study population was less res-
trictive than that reported by other studies as it included
more and older patients.

Radiographic, laboratory and clinical findings of pa-
tients with MBP are generally similar. It has been reported

[10] that measles patients with bacterial suprainfection
were more likely to have multilobar infiltrates, but this was
not a useful clinical observation. In the present study,
multilobar findings tended to appear with resolution of the
rash and were mainly related to the micro-organism res-
ponsible. Pleural effusion was present in 16% of cases.
These findings are consistent with those of other observers
[13]. Radiological abnormalities of the paranasal sinuses
are very commonly observed in MBP patients [14]. Up to
30% of young adults with measles-related MBP have
sinusitis [15]. A similar percentage was found in the pre-
sent study with patients coming mainly from the third
group. Resting hypoxaemia, which was found in patients
from group C, was related to ventilation impairment thro-
ugh an extension of radiographic findings and the presence
of sinusitis which usually affects ventilation by increasing
bronchial secretions due to post-nasal mucopurulent dis-
charge. The severity score of dyspnoea identified a sub-
group of patients at increased risk of severe clinical course.
This valuable sign needs greater emphasis as an indicator
of severity of MBP, mainly when it is recorded after the
resolution of rash.

The range of micro-organisms reported as being res-
ponsible for MBP varies between the studies [12, 16]. The
role of Neisseria meningitidis serogroup Y as a cause of
suprainfection was first suggested in Air Force recruits
with MBP [17]. HENNEMAN et al. [18] noted the frequent
occurrence of streptococcus and S. aureus but recorded no
cases of N. meningitidis. The range of causative organ-
isms identified was similar to the present study although
there are some differences in the relative proportions. The
high incidence of klebsiella infection was presumably be-
cause the study was carried out during a cyclic epidemic. It
is interesting that in one study, 20% of patients improved
without antibiotics [12]. In contrast, the present authors
believe that antibiotic treatment should be instituted
without delay, particularly in those patients having signs
of severe pneumonia. Transtracheal aspiration was found
to be indispensable in the microbiological diagnosis of
MBP [19], but the study population consisted of children
who are usually unable to produce sputum. In the present
study, the absence of positive blood cultures on admission
leads to the plausible explanation that only in the empyema
case was the identified bacterium the cause of the pneu-
monia. It could also be argued that all the other cases were
cases of MVP with the isolated bacteria representing
bronchial colonization. Most cases of MVP are probably
usually found in the acute phase of the disease and also
have completely different clinical and radiological appear-
ances [3, 7]. Partial support of this theory was given by the
seven possible cases of MVP found in the initial study
population who had typical findings of MVP. These find-
ings were completely different compared to the present
study population. Gram-stain of sputum has been the
cornerstone of microbiological investigation for commu-
nity-acquired pneumonia for many years. Although its dia-
gnostic efficacy is still under external consideration, it is a
simple and rapid method for identifying the cause of pneu-
monia in patients not previously treated with antibiotics
and able to produce a good sample without saliva [8].
Sputum culture is of less value due to contamination with
oral flora. Diagnostic acceptance of sputum culture is bas-
ed on its agreement with the Gram-stain. Samples in the

Table 3. ± Microbiological findings in patients with meas-
les-related bacterial pneumonia

Group A
(n=34)

Group B
(n=12)

Group C
(n=35)

Streptococcus pneumoniae 32 10 23
Klebsiella pneumoniae 0 0 9
Staphylococcus aureus 2 0 1
Pseudomonas aeruginosa 0 0 1
Moraxella catarrhalis 0 1 1
Haemophilus influenzae 0 1 0

For definition of groups see footnote to table 1.
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present study fulfilled the above criteria and offered a high
diagnostic yield.

Mortality from MBP, with other measles complications,
increases with malnutrition and young age [20, 21]. Data
collected in developing countries suggest that nutritional
status and age are important factors contributing to mor-
tality rates [22, 23]. In previously healthy young adults
with normal nutritional status, however, MBP appeared to
be relatively benign accounting for no deaths in 32 cases
reported by OLSON and HODGES [12] and 35 cases reported
by GREMILLION and CRAWFORD [10]. Similar findings were
recorded in the present study. The data confirm previous
reports which demonstrate that hospitalization in MBP is
prolonged [10]. This finding may be related to virus-in-
duced immunosuppression which leads to delayed radio-
graphic and clinical improvement. The data also suggest
that there is a strong relationship between the onset of the
rash and the clinical severity of the disease. The high
incidence of MBP after hospital discharge may be a result
of having to hospitalize all active duty personnel with
measles. This leads to the plausible explanation that if
patients with measles were not admitted to hospital in the
first place then the majority of cases in group C would be
prevented as most of them were probably suffering from a
nosocomial infection. However, the increased risk of a
severe clinical course which was found after the onset of
the rash in group C patients confirms previous reports in
which a severe clinical course was related to progressive
virus-induced immunosuppression, damage to respiratory
epithelium, and depressed phagocytic and bactericidal ca-
pacities of polymorphonuclear cells that usually occurred
after the onset of the rash [24, 25].

Measles-related bacterial pneumonia was shown not to
be unusual in young adults, with a more severe clinical
course when it occurs after the onset of the rash. Unlike
children and compromised hosts, deaths are rare and mea-
sles-related bacterial pneumonia generally has a benign
outcome.
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