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Cytomegalovirus (CMV) pneumonitis is a sig-
nificant cause of morbidity and mortality of
children in Africa. The current practice for
diagnosing CMV pneumonitis in this setting
is based on interpretation of clinical, labora-
tory, and radiological findings. There is a
need for a sensitive and specific laboratory
test to objectively distinguish between pa-
tients with CMV pneumonitis and those with
CMV infection, and non-CMV pneumonia. In
this study, we compared plasma and non-
bronchoscopic bronchoalveolar lavage
(NBBAL) CMV viral loads in patients with
CMV pneumonitis and those with CMV infec-
tion and non-CMV pneumonia. Receiver oper-
ator characteristic curve analysis was used to
establish a threshold and assess utility of
viral loads in the diagnosis of CMV pneumo-
nitis. We assessed the urea dilution method,
and expression of viral loads relative to the
total amount of extracted nucleic acids in
correcting for NBBAL dilution. CMV quantifi-
cation in NBBAL specimens was more predic-
tive of CMV pneumonitis than blood CMV
quantification. The threshold of 4.03 log IU/
ml in NBBAL specimens has good predictive
value and can be used to guide management
of infants with suspected CMV pneumonitis.
Adjusting for dilution of NBBAL specimens
by using the urea dilution method or by
expressing the viral load relative to the total
nucleic acids extracted did not provide addi-
tional analytical benefits. J. Med. Virol.
89:1080–1087, 2017.
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INTRODUCTION

Cytomegalovirus is a cause of pneumonia in immu-
nocompromised hosts including transplant recipients,
patients with malignancy, and HIV-infected patients
[Richman et al., 2009]. The clinical problem of
cytomegalovirus (CMV) infection in HIV-exposed and
-infected infants with severe pneumonia has been
described in Africa since the emergence of HIV, and
is still a cause of morbidity and mortality in these
patients [Frenkel et al., 1990; Jeena et al., 1996;
Chintu et al., 2002; Zampoli et al., 2011; Kitchin
et al., 2012; Hsiao et al., 2013]. In patients presenting
with severe pneumonia in this setting, the diagnosis
of cytomegalovirus pneumonia is made by a combina-
tion of clinical and laboratory features [Kitchin et al.,
2012; Hsiao et al., 2013]. This may require an
experienced or expert opinion which is not always
available, especially in peripheral areas. The diagno-
sis may be delayed while clinicians exclude other
causes of pneumonia and evaluate the patient’s
response to empiric treatment. Treatment decisions
remain difficult because there is no highly predictive
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and clinically useful investigative tool for diagnosing
CMV pneumonitis [Zampoli et al., 2011].
A part of the challenge is determining the signifi-

cance of a positive CMV laboratory result in confirming
CMV disease as opposed to clinically insignificant
latent infection or viral shedding [Compston et al.,
2009]. The existence of CMV as a co-pathogen com-
pounds this problem [Bates et al., 2013]. The propor-
tion of the pulmonary disease that is actually due to
CMV in this situation remains an unanswered ques-
tion [Boeckh and Geballe, 2011].
Serology and the newer cellular immunology as-

says have limited clinical value because of the
derangement of immunological functions in HIV-
infected people. Merely detecting the presence of the
CMV genome by blood polymerase chain reaction
(PCR) alone has poor predictive value for CMV
disease, as it may represent latent virus [Wiselka
et al., 1999]. A test that identifies the amount of
virus that is actively replicating by detecting viral
antigens, such as pp65, may be useful. However, the
sensitivity of the assay is affected by low peripheral
blood leukocyte counts and requires timeous trans-
port of the specimens to the laboratory with skilled
personnel to perform the test. Histology, often
considered a highly specific gold standard, has a
limited role in routine diagnostics due to the risks
in sampling lung tissue of critically ill patients
[Goussard et al., 2010; Ross et al., 2011].
Quantification of CMV viraemia by real time PCR

is routinely used in the transplant setting to diagnose
and pre-empt disease. CMV quantification in respira-
tory specimens may represent local viral replication
and disease within the compartment being investi-
gated. In lung transplant recipients, the quantifica-
tion of CMV in bronchoalveolar lavage fluid is used
to pre-empt disease [Westall et al., 2004; Kotton
et al., 2013]. However, standardization of respiratory
specimens is a limitation of this type of specimen
[Radhakrishnan et al., 2014].
In this study, we quantified CMV in non-

bronchoscopic bronchoalveolar lavage (NBBAL) and
plasma specimens in infants with severe pneumonia
requiring intermittent positive pressure ventilation.
We assessed the viral loads against the standard
practice of diagnosing CMV pneumonitis through
clinical and other laboratory features. We analysed
the CMV viral loads directly from the patient NBBAL
specimens as well as in the extracted nucleic acid
and epithelial lining fluid. The objective of this study
was to evaluate the clinical utility of quantitative
real time PCR in respiratory specimens in diagnosing
CMV pneumonitis in infants.

MATERIALS AND METHODS

Study Population

The University of KwaZulu-Natal Biomedical
Research Ethics Committee approved the study

(Reference number BF203/09). Patients were re-
cruited in the paediatric intensive care unit of
Inkosi Albert Luthuli Central Hospital in KwaZulu-
Natal, South Africa. This is an academic quater-
nary level hospital, with high level expertise
compared with other facilities in the province. The
antenatal prevalence of HIV in the KwaZulu-Natal
province in 2012 was 37.4% [National Department
of Health, 2013] and the pneumonia incidence rate
in children under five was 119 cases per 1,000
children [Massyn et al., 2013]. The patients re-
cruited for the study were infants with suspected
CMV infection or disease, presenting with severe
pneumonia requiring ventilation. Those who had
received ganciclovir therapy for the presenting
illness were excluded from the study.

Specimen Collection

Patients being admitted for severe pneumonia
received diagnostic tests at admission as per routine
standard of care in the unit. These included screening
for HIV infection and investigating NBBAL specimens
or endotracheal aspirates (or both) for tuberculosis,
Pneumocystis jiroveci, respiratory viruses (influenza,
parainfluenza, adenovirus, and respiratory syncytial
virus), cytomegalovirus as well as microscopy and
culture for other pathogens of the lower respiratory
tract including fungal and bacterial infections.
Informed consent was obtained from patients’ legal

guardians, for CMV quantification to be performed on
blood and NBBAL specimens in addition to the
routine tests listed above.
The NBBAL procedure was done as previously

described [Singh et al., 2013]. Briefly, intubated
patients were monitored by electrocardiography and
pulse oximetry and pre-oxygenated with 100%
inspired oxygen for appropriately 1min before the
procedure.
A suction catheter was inserted as far as possible

via a closed suction circuit and the first sample
discarded to exclude contamination. The catheter was
then reintroduced and 1ml/kg 0.9% saline at room
temperature was injected through the side port while
tilting the patient to the side. Secretions were
suctioned while chest physiotherapy and postural
drainage were performed. The child was then tilted
to the opposite side and the procedure repeated. The
procedure was stopped if the oxygen saturation
dropped to <85% and temporarily stopped if there
was a transient drop in saturation to between
85% and 90%.

HIV PCR

EDTA blood specimens were tested for HIV by the
real-time PCR COBAS

1

AmpliPrep/COBAS
1

TaqMan
HIV-1 Qualitative test (Roche

1

Molecular Systems,
Inc., Branchburg, NJ), as per South African national
guidelines.
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CMV Quantification in Plasma and Respiratory
Specimens

Following nucleic acid extraction of plasma and
NBBAL specimens on the NucliSens easyMAG sys-
tem (bioMerieux, France), quantitative real-time
CMV PCR was performed using the LightCycler
CMV Quant kit (Roche Diagnostics GmbH, Man-
nheim, Germany), on the LightCycler 2.0 instrument
(Roche). This method was calibrated to international
units using the 1st WHO International Standard for
human cytomegalovirus for nucleic acid testing
(NAT)-based assays (NIBSC code 09/162), obtained
from the National Institute for Biological Standards
and Controls (NIBSC; Hertfordshire, UK). Calibra-
tion was performed by testing the known quantified
standard in replicate and calculating a conversion
factor. Results were interpreted and recorded inde-
pendently of the clinical diagnosis.

CMV Quantification in The Epithelial Lining
Fluid

The urea dilution method was used to correct for
the dilutional effect of instilling saline during the
NBBAL procedure. Urea was quantified in NBBAL
specimens using the colorimetric Quanti- ChromTM

Urea Assay Kit (Gentaur, Paris, France). A dilution
factor was determined for each patient by comparing
NBBAL and plasma urea levels. A simple calculation
allowed expression of the NBBAL CMV viral
load as epithelial lining fluid (ELF) viral load [Bauer
et al., 2007].

CMV Quantification in Nucleic Acid Extracts

Total nucleic acids were quantified using the
BioSpec-nano spectrophotometer (Shimadzu, Japan)
as a measure of the amount of nucleic acids present
in the NBBAL specimen. The NBBAL CMV viral load
was then expressed according to the total amount of
nucleic acid extracted.

Definitions

The standard practice in this paediatric intensive
care unit for diagnosing CMV disease was based on a
combination of clinical features at the time of presenta-
tion and the positive detection of virus in the lower
respiratory tract. In this setting, a team of paediatric
critical care specialists decided on the use of ganciclovir
by assessing the criteria shown below on a case-by-case
basis. They were blinded to the viral load results for the
duration of the study, as at the time of recruitment,
CMV viral loads were not standard of care.

CMV pneumonitis. CMV pneumonitis was de-
fined according to a combination of clinical, radiologi-
cal, and laboratory findings, adapted from an AIDS
Clinical Trial Group definition [Wohl et al., 2009].
CMV pneumonitis was diagnosed when:

(i) there were features of CMV disease;
(ii) a chest X-ray showing predominantly reticular

interstitial changes;
(iii) presence of CMV in the NBBAL by PCR testing and
(iv) a lack of clinical response to standard empiric

treatment.

CMV-infected patients with non-CMV pneumo-
nia. These were patients with presence of CMV by
PCR testing, in whom the clinical presentation was
due to a non-CMV cause. They were regarded as
CMV-infected with non-CMV pneumonia if CMV was
detected in either NBBAL or blood specimens, but
the pneumonia was due to another cause, as deter-
mined by the attending paediatric critical care spe-
cialist. Radiological and clinical features informed the
diagnosis such as dense opacification on chest X-ray
and clinical improvement on standard empiric treat-
ment, at the time that the CMV result was obtained.

CMV-uninfected patients. CMV-uninfected
patients were those in whom blood and NBBAL
specimens were CMV PCR negative.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, NY). The data was analysed by non-
parametric analysis of variance testing and P-values
were calculated to determine the significance of the
associations. In order to correct for left-censoring of
the data set, absolute values were modelled for those
specimens which were below the detection or quanti-
fication limits of the assay, by assigning them
midpoint values between those limits prior to log
transformation [Jacqmin-Gadda et al., 2000].
Viral load results were assessed against the clinical

diagnosis as defined above. Receiver operator charac-
teristic (ROC) curve analysis was used to determine
optimum cut-off points.

RESULTS

Patient Characteristics

Eighty seven infants with severe pneumonia were
recruited for the study over a period of 2 years from
May 2011 to May 2013. Twenty nine of these
patients (33.33%) were CMV-infected and diagnosed
with CMV pneumonitis. Twenty five (28.74%) were
CMV-infected with non-CMV pneumonia and 33
(37.93%) were CMV-uninfected.
The characteristics of the CMV-uninfected,

CMV-infected with non-CMV pneumonia, and
CMV pneumonitis groups of patients are shown in
Table I. A number of patients had multiple coin-
fections. The number and type of coinfection are
listed for each patient group. Tests for significance
showed that patients who have CMV pneumonitis
are less likely to be respiratory syncytial virus
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(RSV) infected (P¼ 0.018) and more likely to be
HIV-infected (P¼ 0.008) than those who have non-
CMV pneumonia.

Viral Loads

There was a significant difference in the mean viral
loads between the CMV-infected with non-CMV pneu-
monia and the CMV pneumonitis groups of patients
in NBBAL, plasma specimens, the dilution-adjusted,
and the extraction-adjusted NBBAL measurements
(Table II). The boxplots in Figure 1 shows the
distribution of the viral loads between both groups of
patients in the four specimen types, with differences
in the median viral loads between the groups.
ROC curves for predicting CMV pneumonitis gen-

erated for CMV viral loads on each specimen type
are shown in Figure 2. They illustrate the perfor-
mance of the CMV viral load in each specimen type
in discriminating CMV infection from CMV disease.

The ROC statistics are shown in Table III. The
NBBAL had a larger area under the ROC curve
than other specimen types. The threshold of 4.03 log
IU/ml in NBBAL was chosen based on sensitivity,
specificity, and positive and negative predictive
values compared with other thresholds for this
specimen type. Adjusting CMV quantification for
dilution and for extracted nucleic acids did not
improve the area under the curve.

DISCUSSION

This study shows that quantifying CMV in NBBAL
specimens is useful in diagnosing CMV pneumonitis
in infants and is more predictive than plasma viral
load. Other studies have shown similar results in
lung transplant recipients [Chemaly et al., 2004;
Westall et al., 2004], and in wheezy immunocompe-
tent infants [Cinel et al., 2014], but to our knowledge,
respiratory specimen quantification has not

TABLE I. Patient Characteristics

Characteristic All patients
CMV

pneumonitis
CMV-infected with non-CMV

pneumonia
CMV-uninfected

patients

N (%) 87 29 (33.33%) 25 (28.74%) 33 (37.93%)
Mean age in months (95% C.I.,
P<0.05)

3.7 (2.8–4.5) 3.5 (2.9–4.2) 3.2 (2.0–4.3) 4.1 (2.1–6.2)

Female gender (%) 44 (50.57%) 12 (41.38%) 12 (48.00%) 20 (60.61%)
HIV-infected (%) 34 (39.08%) 17 (58.62%) 8 (32.00%) 9 (27.27%)

Number of non-CMV coinfections (%)
0 18 (20.69%) 9 (31.03%) 3 (12.00%) 6 (18.18%)
1 35 (40.23%) 9 (31.03%) 13 (52.00%) 13 (39.39%)
2 19 (21.84%) 7 (24.14%) 5 (20.00%) 7 (21.21%)
3 11 (12.64%) 4 (13.79%) 2 (8.00%) 5 (15.15%)
4 4 (4.60%) 0 (0.00%) 2 (8.00%) 2 (6.06%)

Coinfections (%)
Viral infections

Respiratory syncytial virus 22 (25.29%) 3 (10.34%) 11 (44.00%) 8 (24.24%)
Adenovirus 13 (14.94%) 6 (20.69%) 3 (12.00%) 4 (12.12%)
Parainfluenza 6 (6.90%) 1 (3.45%) 0 (0.00%) 5 (15.15%)
Influenza 3 (3.45%) 0 (0.00%) 1 (4.00%) 2 (6.06%)
Other viruses 6 (6.90%) 1 (3.45%) 1 (4.00%) 4 (12.12%)

Non-viral infections
Acinetobacter baumannii 18 (20.69%) 5 (17.24%) 7 (28.00%) 6 (18.18%)
Klebsiella pneumoniae 15 (17.24%) 3 (10.34%) 4 (16.00%) 8 (24.24%)
Pneumocystis jiroveci 10 (11.49%) 3 (10.34%) 3 (12.00%) 4 (12.12%)
Candida albicans 12 (13.79%) 5 (17.24%) 1 (4.00%) 6 (18.18%)
Mycobacterium tuberculosis 6 (6.90%) 1 (3.45%) 4 (16.00%) 1 (3.03%)

Other bacteria 13 (14.94%) 5 (17.24%) 3 (12.00%) 5 (15.15%)

N, the number of the subjects of each group.

TABLE II. Comparison of Mean Viral Loads in Patients With Infection Versus Disease

Type of measurement CMV-pneumonitis
CMV-infected with non-CMV

pneumonia P-value

Mean NBBAL CMVVL (log IU/ml) 5.00 3.78 <0.0001
Mean Plasma CMVVL (log IU/ml) 4.17 3.50 0.0134
Mean ELF VL (log IU/ml) 6.58 5.45 0.0031
Mean NBBAL nucleic acid extract CMVVL (IU/ng nucleic

acid extracted)
4.06 2.99 0.0014

NBBAL, non-bronchoscopic bronchoalveolar lavage; CMVVL, cytomegalovirus viral load; ELF, epithelial lining fluid.
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previously been evaluated in infants with severe
pneumonia admitted to ICU.
Defining CMV end organ disease is a recognized

problem, especially in the presence of coinfections
[Ljungman et al., 2002]. The definitions used in this
study reflected the standard that was being prac-
ticed in this intensive care unit. They comprised
clinical and investigative evidence and response to
therapy, to decide on whether the clinical picture
was attributable to CMV or not. The final clinical
decision was based on specialist interpretation of
clinical features and investigations. The fact that
the clinicians were blinded to the CMV viral load
results, and viral loads correlated with disease lends
credence to the definitions being used. We have
effectively evaluated the CMV viral loads against a
clinical decision. The CMV viral load may be useful
for objectively discriminating infection from disease,
especially in more peripheral areas where there may
be fewer expertise. A possible benefit would be the

reduction of unnecessary and unsafe transfers to
specialised centers for care. Current practice
requires exclusion of other causes of pneumonia,
which involves waiting for other laboratory results
such as microbial cultures, and may require waiting
to evaluate the response to other treatment before a
CMV diagnosis is made. This delay is especially
relevant in settings such as ours, with a high
number of coinfections. A CMV viral load may allow
the clinician to evaluate the likelihood of CMV
disease and start antiviral treatment earlier.
CMV viraemia can be used to predict and pre-empt

CMV pneumonitis and guide ganciclovir use. The
threshold of 4.03 log IU/ml in NBBAL specimens that
was found in this study is comparable with that of
4.1 log genomes/ml in blood specimens which was
previously proposed [Hsiao et al., 2013]. However,
our sensitivity and specificity were superior (89.3%
and 75.0%, respectively, compared with 76% and
69%, respectively), probably because respiratory

Fig. 1. Boxplot analyses of cytomegalovirus viral loads (CMVVL) showing differences in
distribution and median viral load between patients with CMV infection and non-CMV
pneumonia and patients with CMV pneumonia. (A) Boxplot showing difference in CMVVL in
non-bronchoscopic bronchoalveolar lavage (NBBAL) specimens. (B) Boxplot showing difference
in plasma CMVVL. (C) Boxplot showing difference in epithelial lining fluid viral load. (D)
Boxplot showing difference in CMVVL of NBBAL normalized for nucleic acid content.
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specimens are more representative of end-organ
pulmonary disease than blood specimens. The utility
of blood CMV quantification is limited because blood
viral loads can be confounded by the transient
viraemia that accompanies the acute perinatal infec-
tion which occurs in up to 93% of HIV-exposed
infants by 6 months of age [Slyker et al., 2009]. As
shown in the results above and by others [Jeena
et al., 1996; Chintu et al., 2002; Goussard et al.,
2010; Hsiao et al., 2013], HIV infection plays a role
in the development of CMV pneumonitis and a more
appropriate specimen type is therefore required.
Compartmentalization of CMV disease has been

hypothesized, and has implications for viral patho-
genesis, diagnosis, and patient treatment [Frange
et al., 2013; Slyker et al., 2014]. The diagnostic
implication of CMV compartmentalization has been
studied in other CMV end-organ diseases, such as
the quantification in cerebrospinal fluid and intesti-
nal biopsies [Miller et al., 2006; Ganzenmueller et al.,
2009]. It has been suggested that end-organ disease
is a result of viraemia together with overwhelmed
local immune responses, and although viraemia pre-
cedes end-organ disease, blood viral loads are not

always predictable or predictive at the time of end-
organ disease [Zuckerman, 2009; Kotton et al., 2013].
A high proportion of patients had co-infections,

which reflects the high pathogen load in this setting.
The significant relationship between HIV and CMV
pneumonia has been described before [Hsiao et al.,
2013]. There was a significant association between
the CMV-infected with non-CMV pneumonia group
and RSV infection. This may be related to the
differing risk factors and patient profiles for these
pathogens.
Multicenter studies have shown that there is poor

inter-laboratory correlation of CMV viral loads [Pang
et al., 2009; Kraft et al., 2012]. This led to an
international standard, which was used in this study
so that viral loads may be expressed in international
units and conclusions may be portable to other
centers.
However, respiratory specimens themselves have

an inherent variability because of the dilutional effect
of saline lavages, as well as differences in cellularity
between specimens. In an attempt to standardize the
specimen, we used the urea dilution method to
quantify the amount of epithelial lining fluid present
in the NBBAL specimen. This method has previously
been shown to improve the correlation between CMV
pneumonitis and CMV quantification in respiratory
specimens [Bauer et al., 2007]. However, we found
that quantifying CMV in epithelial lining fluid was
not superior to quantifying it in NBBAL specimens
directly. A moderate improvement in specificity and
positive predictive value were achieved using this
method, however the area under the ROC curve did
not improve as there was a trade-off in the sensitivity
achieved. A possible reason for this was that a
manual plate-based method of urea determination
was used, introducing a further variability in the
final CMV quantification in ELF. An automated
method should be utilized in future studies of ELF
[Pocino et al., 2015].
Another method of characterizing the NBBAL speci-

men is determination of total cellular nucleic acids in
the NBBAL extracts [Tembo et al., 2015]. This might
allow expression of the CMV viral load as a function of
the amount of nucleic acids present in an extract,
which could be a surrogate marker of the specimen
cellularity. The method has been used extensively in

Fig. 2. Receiver operator characteristic curve analyses of the
CMV viral loads measured in various specimen types for
predicting CMV pneumonitis. (NBBAL, non-bronchoscopic bron-
choalveolar lavage; ELF, epithelial lining fluid). Area under the
curve and optimal cut-off points were determined for each
specimen type.

TABLE III. Receiver Operator Characteristic (ROC) Curve Statistics

Type of measurement
Area under
the curve Threshold

Sensitivity
(%)

Specificity
(%)

Positive predictive
value (%)

Negative predictive
value (%)

NBBAL viral load 0.834 4.03 log IU/ml 89.3 75.0 80.6 85.7
Plasma viral load 0.686 3.56 log IU/ml 75.9 66.7 73.3 69.6
Epithelial lining fluid

viral load
0.783 5.63 log IU/ml 78.3 81.2 85.7 72.2

NBBAL nucleic 0.787 3.18 IU/ng 76.9 64.7 76.0 61.1
Acid extract viral load

NBBAL, non-bronchoscopic bronchoalveolar lavage.
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mRNA expression research. However, we found this
technique also did not improve the clinical utility of
CMV quantification in NBBAL specimens. This is
consistent with previous findings that nucleic acid
determination is subject to individual patient variation
as well as technical factors such as nucleic acid
degradation and that these factors compound PCR
errors [Bustin, 2000; Huggett et al., 2005]. However, a
study of betaherpesvirus loads in Zambian children
found that normalizing for the amount of DNA in a
specimen did affect the findings of their research in
HIV-infected children [Tembo et al., 2015]. Further
studies of this method may be necessary.
Standardizing viral quantification in respiratory

specimens may be achievable using housekeeping
genes. Such genes have been identified for respira-
tory specimens [Stock et al., 2011] and may have
significant clinical utility as part of a multiplex
reaction in which CMV and host cell markers are
simultaneously detected. Further studies looking at
standardizing respiratory specimens are warranted.
A limitation of the study was that we lacked data

on HIV exposure of the patients. Laboratory confir-
mation of maternal HIV status is not always possible
in this intensive care unit as patient guardians often
reside in distant areas and are not under the direct
clinical care of the paediatrician. Knowledge of HIV
exposure would have enhanced the data analysis
[Izadnegahdar et al., 2014] but was beyond the scope
of this study.
Long term follow-up of these patients is not always

possible. Some patients in this province live in
remote areas and their follow-up may be more
economically feasible if they are followed up by the
base hospital to which they have been down-referred
after discharge from ICU. Specifically, information on
those patients who were CMV-infected, but not
treated as CMV disease would be useful to obtain
clinical insight. Furthermore, a description of pa-
tients with low viral loads would inform interpreta-
tion of these results.
We have shown that CMV quantification in

NBBAL specimens is more predictive of CMV pneu-
monitis than plasma CMV quantification. When
compared with the standard method of diagnosis,
the threshold of 4.03 log IU/ml in NBBAL specimens
has good predictive value and can be used to guide
management of infants with suspected CMV pneu-
monitis. Adjusting for dilution of NBBAL specimens
by using the urea dilution method or by expressing
the viral load relative to the total nucleic acids
extracted did not provide additional analytical
benefits.
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