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To determine the spectrum of pathogens causing acute febrile
respiratory illness in human immunodeficiency virus (HIV)-
infected adults, we re-analyzed data from a prospective sur-
veillance study involving 50 outpatients (90% of whom re-
ceived highly active antiretroviral therapy). Nasopharyngeal
samples were tested for 23 respiratory viruses by multiplex
reverse-transcriptase polymerase chain reaction (PCR) and
for atypical bacteria by PCR. Sputum cultures and serological
testing were performed. Viruses accounted for 64% of in-
fections. After influenza (22 cases), human metapneumovirus
infection (6 cases) was most common and was associated
with bronchospasm. Bacterial infections occurred in 6 pa-
tients (3 of whom had concurrent viral infection). Over 80%
of patients received antibiotics. Rapid testing to identify spe-
cific viral pathogens could aid in patient management and
reduce unnecessary antibiotic exposure.

Defects in humoral and cellular immunity associated with hu-
man immunodeficiency virus (HIV) infection potentially alter
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the course and severity of common viral infections [1]. Al-
though highly active antiretroviral therapy (HAART) may par-
tially restore these deficiencies, HIV-infected persons may re-
main at increased risk for morbidity from respiratory illnesses,
especially if their ability to generate antigen-specific responses
remains impaired. The high prevalence of smoking and chronic
lung diseases among these individuals may further predispose
HIV-infected patients to respiratory tract infections [2]. Despite
the potential public health impact of viral infections in this
population, there is virtually no information on the causes, risk
factors, and outcomes of respiratory infection in the HAART
era.

Several respiratory viruses have recently been discovered, in-
cluding human metapneumovirus (hMPV) and coronaviruses
[3]. HMPYV, in particular, is an important cause of severe res-
piratory illness, particularly in children, elderly individuals, and
immunocompromised individuals [4, 5]. There are few studies
that have examined its role in HIV-infected adults, but hMPV,
like respiratory syncytial virus (RSV) [6], may potentially be
important, given its predilection for causing disease in im-
munocompromised hosts.

The development of a new technology, 23-plex polymerase
chain reaction (PCR) coupled to microarray hybridization, has
allowed us to reanalyze specimens and data collected during a
prospective surveillance study involving HIV-infected outpa-
tients who consulted health care services for fever and respi-
ratory symptoms in the HAART era [7]. Furthermore, we ex-
tended our studies to search for 3 common atypical bacterial
pathogens—Mycoplasma pneumoniae, Chlamydophila pneumo-
niae, and Legionella pneumophila—and conventional bacteria
in sputum. Our aim was to identify the full range of patho-
gens responsible for respiratory tract infection in HIV-infect-
ed outpatients.

Methods.
respiratory syndromes from November 2003 through April

Consecutive patients who presented for febrile

2006 were recruited from a large university-based clinic (Mon-
treal Chest Hospital, McGill University Health Centre; Mon-
treal, Canada) serving ~1200 HIV-infected adults. The protocol
was approved by the research ethics board. Respiratory infec-
tions were defined as a documented temperature >38°C asso-
ciated with 1 or more of the following clinical symptoms:
cough, tachypnea, dyspnea, wheezing, stridor, rhinorrhea, sore
throat, and myalgias. Fifty seven patients were screened, and
50 were enrolled. Five patients were ineligible because of un-
documented temperature; 2 refused nasopharyngeal aspiration;
42 completed a follow-up visit.
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After informed consent, demographic and clinical data and
vital signs were recorded. Additional investigations, such as
chest and sinus radiographs, complete blood counts, and blood
cultures, were performed at the discretion of the treating phy-
sician. An acute serum sample was collected during the initial
consultation. Information on the duration and outcome of the
episode and a convalescent serum sample were obtained 2
weeks later.

Nasopharyngeal aspirates were used to collect respiratory
specimens from November 2003 through April 2004, after
which combined nasal and throat swabs were used as described
[7]. In the original study, we found similar agreement between
nasal pharyngeal aspirates and swabs [7]. No PCR inhibitory
substances were detected in our clinical samples. Samples were
stored at 4°C for up to 4 days and then shipped to a central
laboratory, where they were aliquoted and stored at —80°C until
analyses at the end of the study. All respiratory samples were
originally tested for influenza A and B virus, RSV, and hMPV
using an in-house real-time multiplex reverse-transcriptase
PCR assay, as described elsewhere [8]. Using aliquots of the
original samples that were stored frozen, we now tested for
adenoviruses groups A, B, C, and E; rhinovirus A and B;
influenza A and B virus; hMPV A and B; RSV A and B; par-
ainfluenzaviruses types 1-3; coronaviruses HKU1, 229E, NL63
and OC43; and enteroviruses A-D by multiplex PCR followed
by primer extension and microarray hybridization in an inte-
grated molecular diagnostic device, the INFINITI analyzer
(AutoGenomics) [9]. A comparison of the sensitivities and gene
targets of the 2 assays is shown in Table 1.

Paired acute and convalescent serum samples were tested by
standard complement fixation assays for influenza A and B
virus, RSV, parainfluenzaviruses 1-3, and adenoviruses. A 4-
fold increase in titer was considered to be diagnostic for acute
infection.

Nasopharyngeal samples were tested for the presence of the
rRNA genes of M. pneumoniae, C. pneumoniae, and L. pneu-

Table 1.

mophila. Also, a sputum sample (not induced) was taken from
all individuals with productive cough and sent to the local
microbiology laboratory for bacterial culture and antibiotic
susceptibility.

Baseline characteristics were compared between patients with
different infections using x> or Fisher’s exact test for propor-
tions and Wilcoxon-Mann-Whitney U test for continuous var-
iables. Data were analyzed using SAS software, version 9.02
(SAS Institute).

Results.
participate. The median CD4" T cell count was 325 cells/uL
(range, 2-808 cells/uL), median HIV RNA level was <50 cop-
ies/mL (range, <50-166,991 cells/uL), and 90% of partici-
pants were receiving HAART. Subjects who were not receiving

Fifty patients met study criteria and consented to

HAART were either undergoing treatment interruption (3 pa-
tients) or had a CD4" T cell count >350 cells/uL (2 patients).

Forty-nine of 50 patients had a sufficient respiratory speci-
men for PCR testing. Identification of a pathogen was made
in 34 patients (68%) using 1 or more methods, including iso-
lation of virus in 28 (56%), concomitant viral and bacterial
isolation in 4 (8%), and isolation of bacteria in 2 (4%). Thus,
viral infections were contributory in 64% of patients. The use
of 23-plex PCR detected an additional 11 viral infections, com-
pared with the number of infections detected by the in-house
PCR, increasing the diagnostic yield by 22%, compared with
that of our previous analyses.

All but 1 previously identified influenza A virus infection
(10 cases) and all influenza B virus infections (10) were detected
with the new assay, with 1 additional case each of influenza A
and B virus infection found, bringing the total number of in-
fluenza infections to 22. The viral load in the 2 additional cases
was very low (high cycle threshold number). The 1 case of
influenza A that was not detected with the new assay was in a
patient who also had serological test results that were positive
for influenza A virus, suggesting that this was truly a positive
result. Other viruses detected were hMPV A (in 3 patients) and

Comparison of the In-House Multiplex Polymerase Chain Reaction (PCR)

Assay with 23-Plex PCR Microarray for Selected Respiratory Viral Pathogens

Sensitivity
(copy number) Gene target

Variable Multiplex Microarray Multiplex Microarray
Influenza A virus 50 100 Matrix Nucleocapsid
Influenza B virus 50 100 Matrix Nucleocapsid
RSV 50 ND Fusion

RSV A ND 50 Nucleocapsid

RSV B ND 10 Nucleocapsid
HMPV 100 ND Nucleocapsid

HMPV A ND 10 Fusion

HMPV B ND 250 Fusion

NOTE. HMPV, human metapneumovirus; ND, not done; RSV, respiratory syncytial virus.
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hMPV B (in 3 patients, including 1 with concomitant influenza
B virus infection), RSV (2 patients), parainfluenzavirus-2 (2
patients), parainfluenzavirus-3 (1 patient), and HKU-1 coro-
navirus (1 patient with concomitant influenza A virus infec-
tion). Previously, no cases of hMPV, RSV, parainfluenzavi-
rus-2, or coronavirus infection were detected. All cases were
detected from October through April in all years.

No isolated cases of M. pneumoniae, C. pneumoniae or L.
pneumophila infection were detected in the respiratory speci-
mens. One patient with parainfluenzavirus-3 infection detected
by both multiplex PCR and serological testing also had test
results that were positive for both C. pneumonaie and M.
pneumoniae. Another patient with influenza B virus detected
on multiplex testing also had M. pneumoniae infection.

Four of 12 patients with sputum cultures had documented
bacterial pathogens: Streptococcus pneumoniae in 3 (including
2 patients with bacteremia, one with hMPV isolated and an-
other with influenza A virus isolated) and Neisseria meningitidis
in 1 (with a clinical diagnosis of pneumonia but normal chest
radiograph findings).

Demographic and clinical characteristics of the study pop-
ulation, by the group of pathogens isolated, are shown in Table
2. Of note, individuals with influenza infection and those with
undiagnosed infection had lower CD4" cell counts than did
individuals with other etiologies (P = .02).

Because the details related to cases of influenza have previ-
ously been published [7], and because the detection of the
additional cases did not alter our previous findings, we focused
on the characteristics of patients with hMPV infection, the
second most isolated pathogen, differentiating it from influ-
enza. All patients with hMPV infection and influenza were
receiving HAART. However, patients with hMPV infection had
higher median CD4" cell counts (528 vs 280 cells/uL; P =
.04). All patients had received the influenza vaccine, compared
with 77% of those with influenza. Patients with hMPV infection
were more likely than others to have a history of asthma (50%
vs 32%). The only distinguishing clinical characteristic of
hMPV infection was that it was associated with self-reported
wheezing (50% vs 14%; P = .09), which was confirmed on
physical examination (50% vs 5%; P = .02). No patient with
isolated hMPV infection had pneumonia diagnosed on the basis
of chest radiographs. Eighty-three percent of patients with
hMPV infection received antibiotic therapy at some time, which
is a rate that is similar to that for influenza, despite the most
common clinical diagnoses being common cold or a flu-like
illness. None of the patients who received a diagnosis of h(MPV
infection required hospitalization, compared with 1 patient (5%)
with influenza.

Discussion. Almost no information exists on the etiology
of respiratory tract infection in HIV-positive outpatients in the
HAART era. Our previous study revealed the importance of

influenza in this setting [7], which we have again confirmed.
With the inclusion of 2 additional detected cases, influenza
accounted for 42% of all observed respiratory tract illness in
our population. Because of the increased sensitivity and spec-
trum of the multiplex detection device employed, we now have
expanded our findings to highlight the frequency of a diverse
number of respiratory tract viruses, including, to our knowl-
edge for the first time, the demonstration that hMPV is an
important pathogen, accounting for 12% of infections. HMPV
mainly circulated concurrently with influenza B virus in the
late winter months.

The only other published study to examine the role of viral
pathogens among HIV-infected patients in the HAART era is a
prospective study from the Swiss Cohort, involving a population
with much more-advanced disease [10]. Viral PCR testing of
bronchoalveolar lavage specimens from 59 patients undergoing
investigation for opportunistic infection was performed. Unlike
our patients, only 48% were receiving HAART, with median
CD4" cell counts of 55 cells/uL. Viruses were identified in 19%
of patinets, whereas 36% had concomitant bacterial or oppor-
tunistic infections.

There are no studies that examine the role of h(MPV infection
in adults with HIV infection. As with previous reports from
other settings, we observed that hMPV infections presented
with nonspecific symptoms, such as fever and myalgias [4].
However, symptoms suggestive of lower respiratory tract in-
volvement predominated, with cough, dyspnea, and wheezing
in the vast majority of cases. Indeed, wheezing on physical
examination was a distinguishing characteristic of hMPV in-
fection. With the exception of 1 case of streptococcal pneu-
monia and bacteremia, no other complications were observed.
However, >80% of those patients with hMPV infection received
antibiotics despite an absence of radiographic signs of pneu-
monia, suggesting that the presence of lower respiratory tract
symptoms may have reduced the threshold for use of antibi-
otics. When unwarranted, over-prescription of antibiotics may
lead to unwanted adverse effects and the development of an-
timicrobial resistance [11].

Patients with hMPV infection were actually less immuno-
suppressed than were those experiencing influenza. Given that
wheezing predominated, our findings suggest that viral-medi-
ated inflammation may underpin the clinical symptoms asso-
ciated with hMPV infection. Indeed, hMPV infection has been
associated with airway hyperresponsiveness in both animal
models [12] and humans [13]. The incidence of asthma has
increased among HIV-infected children and young adults who
receive HAART, and it has been speculated that this may be
driven by immune reconstitution, because asthma has been
associated with higher CD4" cell counts [14]. Indeed, a large
proportion of the patients with hMPV infection in our study
were asthmatic. Adult asthmatics have been shown to display
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Table 2. Demographic and Clinical Characteristics of Patients According to Etiology of Respiratory lliness Identified

Influenza Noninfluenza viral Bacterial Not diagnosed
Variable (n = 22) (n=12) (n = 6) (n = 16)
Age, median years (range) 43 (23-53) 46 (26-57) 47 (23-50) 43 (34-62)
Male sex 19 (86) 10 (83) 3 (50) 15 (94)
Habits
Cigarette smoker 6 (27) 2 (17) 1(17) 3 (19)
Marijuana smoker 7 (32) 2 (17) 1(17) 1(6)
Injection drug use 1(b) 1(8) 1(17) 0
Clinical characteristic
Asthma 6 (27) 6 (50) 2 (33) 6 (38)
Chronic obstructive pulmonary disease 1(5) 1(8) 0 2 (13)
Time since HIV diagnosis, median years (range) 13 (0-24) 11 (0-18) 12 (65-18) 13 (2-20)
CD4* T cell count, median cells(/uL (range) 280 (9-770) 484 (119-808) 471 (9-808) 212 (2-722)
HIV RNA level, median log 10 copies/mL (range) 65 (<50 to 40,162) 50 (<50 to 105,524) 50 (50-20,756) 50 (<50 to 166,991)
Receiving HAART 22 (100) 10 (83) 5 (83) 14 (88)
Preventive measures
Influenza vaccine during same season 17 (77) 11 (92) 6 (100) 11 (69)
Pneumococcal vaccine 8 (36) 6 (50) 4 (67) 6 (38)
Pneumocystis prophylaxis 8 (36) 1(8) 1(17) 5 (31)
Mycobactrium avium prophylaxis 3(13) 0 1(17) 2 (13)
Symptom duration before consultation, median days (range) 4 (1-89) 4 (2-17) 6 (2-17) 5 (1-14)
Total duration of symptoms until complete resolution, median days (range) 15 (3-89) 15 (3-23) 8 (56-21) 12 (1-27)
Symptom
Fever/chills 22 (100) 12 (100) 6 (100) 16 (100)
Shortness of breath 9 (41) 6 (50) 4 (67) 10 (63)
Wheezing 3 (14) 4 (33) 2 (33) 3 (19
Cough 22 (100) 12 (100) 6 (100) 16 (100)
Rhinorhea 20 (97) 8 (67) 6 (100) 16 (100)
Sore throat 16 (73) 6 (50) 2 (33) 7 (44)
Myalgias 21 (95) 10 (83) 6 (100) 13 (81)
Physical finding
Sinus tenderness 6 (27) 2 (17) 1(17) 6 (38)
Pharyngeal erythema 8 (36) 4 (33) 0 4 (25)
Wheezing 1 (5) 4 (33) 2 (33) 6 (38)
Decreased air entry 4 (18) 4 (33) 3 (50) 1(6)
Crackles 4 (18) 1(8) 2 (33) 6 (38)
Initial antibiotic treatment 13 (59) 9 (75) 6 (100) 12 (75)
Later prescribed antibiotics 5 (23) 3 (25) 2 (33) 4 (25)
Hospitalization 1(5) 1(8) 2 (33) 3 (19)

NOTE. Data are no. (%) of patients, unless otherwise indicated. Because some patients had more than one infection identified, the sum of cases in each
category exceeds the 50 subjects enrolled. One patient with influenza infection had concomitant Streptococcus pneumoniae infection, and another had hMPV;
3 patients with bacterial infections had concomitant viral infections (influenza, hMPV, and parainfluenza virus). HAART, highly active antiretroviral therapy; hMPV,

human metapneumovirus.

exaggerated interferon y responses to hMPV and RSV [15].
Thus, the potential link between hMPV and asthma in indi-
viduals with HIV infection warrants further exploration. Be-
cause all patients with hMPV infection had also received vac-
cination against influenza, a vaccine that is arguably more
effective in individuals with higher CD4" cell counts, the high-
er frequency of hMPV could also have been attributable to
competing risks of viral infection other than influenza, once
it has been effectively prevented.

Our study focused on a relatively small number of outpa-
tients with fever and did not include all patients with respiratory
symptoms; therefore, we cannot provide a measure of incidence

for the various respiratory infections. We also cannot exclude
that we may have missed more-severe viral or bacterial infec-
tions, particularly in individuals with pneumonia who pre-
sented directly to the hospital. Thus, we were unable to deter-
mine the etiologic role of respiratory viruses in more-severe
disease. Finally, the lack of HIV-uninfected and asymptomatic
control groups limits our ability to determine how the detection
rates of respiratory pathogens in our study sample differed from
those in the general population.

Although respiratory viral illnesses may be mild in nature,
they account for a large proportion of respiratory tract infec-
tions among HIV-infected outpatients. Rapid multiplex PCR
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testing to identify specific viral pathogens could aid in the
management of such cases (eg, by guiding specific influenza
treatments) and reduce antibiotic exposure that may contribute
to the development of antimicrobial resistance. There is clearly
a need to develop effective antiviral therapies and vaccines of
which HIV-infected persons would be the primary beneficiaries.
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