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ABSTRACT: Measles is frequently complicated with pneumonia that could be fatal in
numerous occasions. However, a prompt and precise diagnosis of measles is not easily
made particularly in the early stage of the disease, or in immunocompromised in-
dividuals because of the lack of typical clinical features or the defect in antigen-specific
antibody production. In the present paper, we describe a 27-yr-old male who dev-
eloped fever, skin rash typical of measles, and diffuse pulmonary infiltrates associated
with respiratory failure. Infection of lung cells with measles virus was proved by
detection of viral genome ribonucleic acid within alveolar macrophages and lympho-
cytes recovered by bronchoalveolar lavage using reverse transcription-polymerase
chain reaction amplification. These techniques may offer a useful tool to make the
swift and precise diagnosis of measles pneumonia, thus allowing appropriate thera-
peutic approaches to the disease.
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Measles remains a common infectious disease all over
the world, despite the availability of effective vaccines [1].
Most measles-associated deaths result from respiratory
tract involvement or neurological complications [2]. Pne-
umonia is one of the well-known complications of me-
asles infection, and once it occurs, it is serious and often
life-threatening [3, 4]. However, recent reports have
shown successful treatment of the disease when the ap-
propriate diagnostic approach has been made promptly
[5, 6]. Although the diagnosis of measles pneumonia is
based on serum viral titre or immuno-histochemical stain-
ing of viral proteins in the lung biopsy specimen, these
tests require time-consuming analysis [7]. In patients with
serious pneumonia, the prompt diagnosis and immediate
treatment are of extreme importance. In this report, we
present a 27-yr-old male patient who developed acute
respiratory failure caused by measles pneumonia, and de-
scribe a rapid and sensitive diagnostic procedure using re-
verse transcription (RT)-polymerase chain reaction (PCR)
amplification detection of the viral ribonucleic acid (R-
NA) genome in lung cells recovered by bronchoalveolar
lavage (BAL).

Case report

A 27-yr-old, otherwise healthy Japanese male presented
with a 3-day history of a nonproductive cough, fever, and a
maculopapular skin rash that began from face and prog-
ressed to extremities. A viral infection was suspected, and
he was treated with an antifebrile. However, increasing

weakness developed over the next 2 days that required
hospitalization. He had not been previously immunized
with the measles vaccine before.

Physical examination on hospital admission revealed a
toxic-appearing man with a temperature of 39.68C, pulse
rate of 94 beats.min-1, arterial blood pressure of 132/78
mmHg, and respiratory rate of 18 breaths.min-1. There
were no Koplick spots noted. His neck lymph nodes were
enlarged up to 10 6 10 mm in size. The lungs were clear
as evidenced by auscultation.

Laboratory studies on admission revealed a haemoglo-
bin value of 17.9 g.dL-1, a platelet count of 122,000 cells.

mm-3, and a white blood cell count of 10,300 cells.mm-3

with 93% neutrophils and 3% lymphocytes. The CD4+ cell
count in peripheral blood on day 4 was 460 cells.mm-3.
Serological tests showed a serum immunoglobulin (Ig)G
level of 1,170 mg.dL-1, IgM of 168 mg.dL-1, and IgA of
126 mg.dL-1. Chest radiography on admission showed
almost "normal" lung.

Two days after admission, the patient complained of
progressive exertional dyspnoea. Room-air blood gases
revealed arterial oxygen tension (Pa,O2) of 59 mmHg,
arterial carbon dioxide tension (Pa,CO2) of 32 mmHg, and
pH of 7.46. A chest radiograph showed diffuse reti-
culonodular infiltrates of bilateral lungs (fig. 1a). Chest
computed tomography (CT) scan revealed diffuse gro-
und-glass opacities, multiple centrilobular nodules, and
consolidations predominant in the upper lobe of the right
lung (fig. 1b). Specimens recovered by bronchoalveolar
lavage (BAL) had increased cellularity with relative in-
creases in lymphocytes (46%) and neutrophils (8%).
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Lung tissue obtained by transbronchial biopsy showed
well-conserved alveolar structure, with alveoli lined by
prominent type II alveolar pneumocytes, and the pres-
ence of a large number of macrophages within the small
airspaces (not shown). Giant cells were not detected in the
affected area. Sputum culture was negative for other bac-
terial, or fungal pathogens. Serological tests demonstrated
positive IgM as well as IgG antibodies against measles
virus. He was treated with oxygen, roxithromycin for
possible superimposed bacterial infection followed by in-
travenous infusion of c-globulin containing high-titre
antibodies to measles virus. His respiratory status im-
proved on hospital day 9, and he was discharged from the
hospital on day 14 with his physical condition as well as
laboratory data fully normalized.

Detection of measles virus using RT-PCR technique in
lung cells recovered by BAL

Ten millilitres of the fluid recovered by BAL was
centrifuged at 8706g for 10 min at 48C, and supernatant

and cellular components were collected separately. First,
cellular components were washed twice with phosphate-
buffered saline, resuspended in Dulbecco's modified Eagle
medium and incubated for 1 h at 378C in 10% CO2. These
cells were divided into adherent (mainly macrophages) and
nonadherent (lymphocyte-rich) cell fractions [8]. Total
RNA was extracted from the culture supernatant, adherent
cells, nonadherent cells, as well as the patient's serum
using the guanidinium iso-thiocyanate-CsCl2 ultracentri-
fugation method or the acid guanidinium thiocyanate
phenol-chloroform extraction method [9, 10]. Resultant
RNA was dissolved in 10 mL of ribonuclease (RNase)-
free distilled water. The initial transcription of RNA to
complementary deoxyribonucleic acid (cDNA) was per-
formed by using Moloney murine leukaemia virus reverse
transcriptase with random hexamer primers [11]. Two-
step amplification (semi-nested PCR) was carried out to
detect the matrix gene of measles viral genome with the
primer pairs as described by SHIMIZU et al. [12]; 5'-
GTGTTGTTTATATGAGCATCAC-3' (MV03) and 5'-
AATCGATTAAGGTCTTCATTGAT-3' (MV05) as outer
primers, and for the second semi-nested PCR, an inner
antisense primer MV04 (5'-CATTTTGCAATAATCGG-
CAGAGT-3') was used instead of MV05 [13]. The re-
action conditions were first 948C for 3 min, and them
948C for 1 min, 608C for 1 min, and 728C for 1 min,
which were repeated for 40 cycles. A single PCR product

a)

b)

Fig. 1. ± Radiological examinations of the lung. a) a chest radiograph
on day 4 demonstrating diffuse reticulonodular infiltrates of bilateral
lungs. b) chest high resolution computed tomogram on day 4 revealing
diffuse ground-glass opacities, multiple centrilobular nodules, and con-
solidations predominant in the right upper lobe.
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Fig. 2. ± Detection of the measles virus genome in lung cells from the
individual with measles pneumonia by reverse transcription-polymerase
chain reaction (RT-PCR) amplification. a) first-round PCR amplification
showing the presence of measles virus in lung cells recovered by bron-
choalveolar lavage (BAL) but not in lavage supernatant or serum of the
patient. M, molecular marker (WX174/HaeIII); lane 1, ribonucleic acid
(RNA) extracted from Edmonston's measles virus strain (Ed) as positive
control [20]; lanes 2±5, alveolar macrophages (AM), lymphocytes
(Lym), supernatant (Sup) recovered by BAL, and serum from the
measles patient, respectively; lane 6, AM from a healthy volunteer (N);
lane 7, negative control with no complementary deoxyribonucleic acid
(cDNA) (C). b) RT-PCR amplification of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) cDNA as control: M, molecular marker as in
a); lanes 1 and 2, AM, and Lym from the measles patient, respectively;
lane 3, AM from the healthy individual. Both gels contained 2% agarose
and were stained with ethidium bromide for visualization. Sizes of PCR-
amplification products are indicated.
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of the predicted size (415 base pairs (bp)) was readily
demonstrated in cDNA samples from alveolar macro-
phages and lymphocytes, but not from BAL supernatant
or serum of the indicated case (fig. 2a). The measles viral
genome was not detected from alveolar macrophages
from a "normal" individual. The semi-nested PCR ampli-
fication further confirmed the presence of measles genome
in alveolar macrophages and lymphocytes as evidenced by
presence of a 251 bp band, but not in BAL supernatant or
serum of the patient with measles pneumonia (not shown).
As a control, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) messenger (m)RNA (cDNA) was detected by
PCR-amplification in all the RNA samples extracted from
lung cells of the indicated case and the healthy control (fig.
2b) [15].

Discussion

This report describes an adult case of measles pneu-
monia presented with typical clinical features of measles
and developed respiratory failures. Although the diagnosis
of measles was also confirmed serologically, it took >2
weeks. Additionally, pneumonia complicated with measles
may become severe in immunodeficient individuals [3].
However, it is not easy to make a precise diagnosis be-
cause these individuals often lack typical clinical features
of measles or exhibit defects in antigen-specific antibody
production [16]. Therefore, it is of importance to rapidly
determine the pathogenesis of pneumonia by using the
molecular microbiology techniques such as RT-PCR for
detection of measles virus within lavaged lung cells.
Compared to the conventional laboratory techniques such
as detection of serum antibody titre against measles virus
or immunohistochemical confirmation of the virus in
tissues, the method we utilized may require a shorter time
and fewer technical procedures to obtain proof of measles
infection.

Measles virus still remains one of the major causes of
serious infectious diseases with high mortality in devel-
oping countries [3, 17]. Additionally, there were out-
breaks of measles at the end of the 1980s and also in 1990
in the USA [18]. Lower respiratory tract complications
develop in 4±50% of these patients, and it is believed to
be much more common in developing countries [3]. It has
also been reported that the fatality of measles is higher in
patients with pneumonia than those without it [4]. Vita-
min A therapy may reduce morbidity and mortality in
severe measles in children, and was also effective in an
adult case of measles pneumonia [5, 6]. In this context, it
is important not only to detect the pathogen of pneumonia
in the very early stages, but also to initiate adequate
treatment immediately.

The localization of measles virus in the lung has been
analysed by the immunoperoxidase method using mono-
clonal antibodies and by electron microscopic analysis [7,
19]. Measles virus tends to reside in giant cells and in
type II alveolar epithelium in the lung. It has also been
isolated from peripheral blood lymphocytes, monocytes,
neutrophils, platelets and serum itself [20]. Other reports
have shown the measles virus genome to be detectable in
nasal secretions and throat swab by reverse transcription-
polymerase chain reaction amplification, and these me-

thods provided highly sensitive and specific modalities
[12]. However, little is known about whether measles
virus may infect the other cells in the lung, such as
alveolar macrophages, or lymphocytes. Our data present-
ed in this report clearly demonstrate that the measles virus
infected not only alveolar macrophages but also lympho-
cytes in the lung, even though the viral genome was not
found in serum in the initial stage of pneumonia. How-
ever, since it remains unclear whether measles virus is
normally absent in lung cells in healthy individuals, more
detailed investigation may be needed.
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