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Abstract

Background: Severe malnutrition is a risk factor for pneumonia due to a wide range of pathogens but aetiological data are
limited and the role of Mycobacterium tuberculosis is uncertain.

Methods: We prospectively investigated severely malnourished young children (,5 years) with radiological pneumonia
admitted over a 15-month period. Investigations included blood culture, sputa for microscopy and mycobacterial culture.
Xpert MTB/RIF assay was introduced during the study. Study children were followed for 12 weeks following their discharge
from the hospital.

Results: 405 eligible children were enrolled, with a median age of 10 months. Bacterial pathogens were isolated from blood
culture in 18 (4.4%) children, of which 72% were Gram negatives. Tuberculosis was confirmed microbiologically in 7% (27/
396) of children that provided sputum - 10 by culture, 21 by Xpert MTB/RIF assay, and 4 by both tests. The diagnostic yield
from induced sputum was 6% compared to 3.5% from gastric aspirate. Sixty (16%) additional children had tuberculosis
diagnosed clinically that was not microbiologically confirmed. Most confirmed tuberculosis cases did not have a positive
contact history or positive tuberculin test. The sensitivity and specificity of Xpert MTB/RIF assay compared to culture was
67% (95% CI: 24–94) and 92% (95% CI: 87–95) respectively. Overall case-fatality rate was 17% and half of the deaths
occurred in home following discharge from the hospital.

Conclusion and Significance: TB was common in severely malnourished Bangladeshi children with pneumonia. X-pert MTB/
RIF assay provided higher case detection rate compared to sputum microscopy and culture. The high mortality among the
study children underscores the need for further research aimed at improved case detection and management for better
outcomes.
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Introduction

Pneumonia is the leading cause of childhood mortality globally

[1], and malnutrition is a recognized risk for pneumonia and death

[2]. A recent systematic review reported that the range of bacterial

pathogens that cause pneumonia in children with severe malnu-

trition is different to those that cause pneumonia in well nourished

children, and that Gram negative bacteria are predominant causes

[3]. Mycobacterium tuberculosis is also believed to be an important

cause of pneumonia in severely malnourished children, but there

are surprisingly few data [3,4,5].

Tuberculosis (TB) is a preventable and treatable disease that can

cause severe malnutrition in children, either as a primary or as an

associated cause. The World Health Organization (WHO), based

on vital registration data, estimated that TB caused 74,000 deaths

in HIV-uninfected children globally in 2012 [6]. However, the

actual contribution of TB to global child mortality is likely to be

higher for two main reasons. First, this estimate does not include
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HIV-infected children with TB as these deaths are classified as

deaths due to HIV [6]. Secondly, in endemic settings TB is

commonly found in children dying with pneumonia, reported by

clinical and autopsy studies in settings with high child mortality

[7,8,9,10].

An important contributor to uncertainties regarding prevalence

of TB in severely malnourished young children is related to the

challenge in confirming a diagnosis. The difficulties relate to

obtaining high quality specimens, the paucibacillary nature of the

disease in young children, and lack of mycobacterial culture

facilities in settings where TB and malnutrition are endemic - even

when available the long time delay in getting results of culture and

susceptibility. The Xpert MTB/RIF assay (Cepheid, Sunnyvale,

CA, USA) is a new, rapid diagnostic test for the detection of M

tuberculosis and rifampicin resistance that is demonstrating encour-

aging results in the diagnosis of pulmonary TB in children using

their respiratory samples. Studies in children have consistently

demonstrated its greater sensitivity than smear microscopy, and

additionally in providing a more rapid result than culture

[11,12,13,14].

The aim of our study was to determine the prevalence of

bacteraemia and TB in severely malnourished children with

pneumonia; compare the sensitivity and specificity of the Xpert

MTB/RIF with that of mycobacterial culture in sputum samples;

and to compare the TB diagnosis from induced sputum versus

gastric lavage.

Methods

Ethics Statement
The study (protocol number: PR-10067) was approved by the

Research Review Committee and the Ethical Review Committee

(ERC) of the International Centre for Diarrhoeal Disease

Research, Bangladesh (icddr, b). Written informed consent was

obtained from parents or attending guardians of all the

participating children.

Study Design and Participants
This was a prospective, descriptive study that recruited

consecutive severely malnourished children of either sex, younger

than 5 years, who were admitted to inpatient wards of the Dhaka

Hospital of icddr, b from April 2011 through June 2012 with

respiratory symptoms (cough and/or respiratory distress) and

radiological pneumonia. Children whose parents/attending guard-

ians did not give consent were not included in the study.

Study Setting
The Dhaka Hospital of icddr, b provides ambulatory and

inpatient care to around 120,000 children annually, mostly live in

the poor communities in urban or periurban Dhaka. The reported

incidence of all TB cases in Bangladesh was 225 per 100,000

population in 2011 with an estimated case-detection rate of just

45% [6]. In 2011, the under 5 mortality rate was 48 per 1,000 live

births and 10% of children were severely underweight [15].

Neonatal BCG coverage was 95%, and the prevalence of HIV

among adults and young people was ,0.1%.

Clinical Procedures
Study children were managed according to established clinical

guidelines of the hospital, including rehydration, nutritional

rehabilitation, and management of pneumonia and hypoxaemia

(defined as SpO2,90% as study site is at sea level) [16,17].

Clinical and demographic data were collected using a case record

form designed for this study, pre-tested and finalised. Chest

radiography was done for all study children, following the

hospital’s standard of care, and other investigations included a

tuberculin skin test (TST), a blood culture, and microscopy and

culture of gastric lavage and induced sputum (a single sample of

each from each child) as previously described [18].

A standard procedure of TST was followed and induration

measured at 72 hours [19]. Both sputum sampling procedures

were performed after the children had fasted for 4 hours. Gastric

lavage fluid was collected early in the morning before the children

were ambulant, using an appropriate sized nasogastric tube

introduced in the previous night. Samples were collected from

gastric lavage and induced sputum following standard protocols,

into sterile tubes and immediately sent to the TB laboratory for

processing [19,20]. Gastric lavage is an established procedure at

icddr, b while sputum induction was introduced for this study

following training under a concurrent study that examined the

aetiology in child pneumonia [20].

Children with a diagnosis of pneumonia or TB were treated

according to Bangladesh’s national guidelines. Children with

severe malnutrition and radiological pneumonia (defined below)

were treated with parenteral ampicillin and gentamicin as the first-

line treatment, which were changed to ceftriaxone and levoflox-

acin for children not responding to the first line therapy. Children

with a diagnosis of TB (defined below) were treated with the

standard first-line regimen of 2 months of daily rifampicin,

isoniazid and pyrazinamide, followed by 4 months of daily

rifampicin and isoniazid per national guidelines [21]. All children

were followed-up for 12 weeks following their discharge from the

hospital; those treated for TB were followed for a total of 6

months.

Laboratory Procedures
Sputum samples were decontaminated according to the

standard Petroffs’ method in the tuberculosis laboratory of icddr,

b as described earlier [22]. Acid fast bacilli (AFB) were detected by

light microscopy on sputum smear following Ziehl-Neelsen

staining and decontaminated samples were inoculated on Löw-

enstein-Jensen slants for mycobacterial culture as previously

described [22].

The Xpert MTB/RIF assay became available during the study

period in November 2011 and this investigation was incorporated

into the study following approval of the amended protocol by the

ERC. The gastric lavage sample was split into two separate sterile

containers, and two sterile mucous extractors were used for sample

collection following sputum induction. In each case, one sample

was for smear microscopy and mycobacterial culture, and the

other was for analysis by real-time PCR using the Xpert MTB/

RIF assay following the standardized procedures [12].

Drug susceptibility testing (DST) was done for all positive

cultures. In each lot of DST, a strain of H37Rv was used as the

sensitive control strain and a known MDR strain was used as the

resistant control strains. Mycobacterial species were identified by

molecular testing as described earlier [23]. Blood cultures were

processed using the BACTEC system (BioMerieux, Marcy

L’Etoile, France) as previously described [24].

Definitions

N Severe malnutrition: severe wasting [Z score for weight for

height ,23 of the WHO median] or severe under-nutrition

[Z score for weight for age ,24 of the WHO median], or

nutritional edema.

N Radiological pneumonia: the presence of end-point consoli-

dation or other (non-end-point) infiltrate in lungs according to

Childhood Tuberculosis and Bacteraemia
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the WHO radiological classification of pneumonia [25] and

confirmed independently by a radiologist and pediatrician at

the study site.

N Positive TST: transverse diameter of induration was $5 mm

irrespective of BCG status. Note that all children were severely

malnourished.

Figure 1. Flowchart of enrolment, investigations and outcome.
doi:10.1371/journal.pone.0093776.g001

Childhood Tuberculosis and Bacteraemia

PLOS ONE | www.plosone.org 3 April 2014 | Volume 9 | Issue 4 | e93776



N Classification of TB diagnosis: All children had typical TB-

related symptoms at entry point and parenchymal abnormal-

ities on chest radiograph as per eligibility for inclusion in the

study. Therefore, for purposes of this study,

N ‘‘confirmed TB’’ means identification of M tuberculosis by

culture or by Xpert MTB/RIF assay on any of the test

specimens.

N ‘‘not confirmed TB’’ means when a clinical diagnosis was not

confirmed microbiologically with supportive evidence such

as positive TST or a positive contact history or when there

Table 1. Bacterial and mycobacterial isolates in study children.

Number of patients with results Positive (%)

Bacterial isolates from blood culture

Pathogens 405 18 (4)

Streptococcus pneumonia 4

Klebsiella species 2

Haemophilus influenza 2

Salmonella typhi 2

Acinetobacter 2

Staphylococcus aureus 1

Salmonella enteritidis 1

Pseudomonas species 1

Enterobacter species 1

Polymicrobial* 2

Contaminants 405 22 (5)

Coagulase negative staphylococci 21

Staphylococcus haemolyticus 1

Mycobacterial isolates from sputum

Mycobacterium tuberculosis 396 27 (6.8)

Culture 396 10 (3)

- Xpert MTB/RIF positive 4 4

- Xpert MTB/RIF negative 2 2

- Xpert MTB/RIF not done 182 4

Xpert MTB/RIF 214 21 (10)

- culture negative 214 17

- culture positive 214 4

Mycobacterium fortuitum 396 4 (1)

*E.coli + Enterococcus and Klebsiella + Pseudomonas.
doi:10.1371/journal.pone.0093776.t001

Table 2. Results of smear and Xpert in relation to mycobacterial culture results.

Culture positive Culture negative Total

N = 10 N = 386 N = 396

Xpert Positive 4 17 21

Smear Positive 1 0 1

Smear Negative 3 17 20

Xpert Negative 2 191 193

Smear Positive 0 0 0

Smear Negative 2 191 193

Xpert not done 4 178 182

Smear Positive 3 2 5

Smear Negative 1 176 177

doi:10.1371/journal.pone.0093776.t002

#

#

Childhood Tuberculosis and Bacteraemia

PLOS ONE | www.plosone.org 4 April 2014 | Volume 9 | Issue 4 | e93776



was no symptomatic improvement of bacterial pneumonia or

severe malnutrition following therapy.

N ‘‘not TB’’ means all other children who were enrolled in the

study and had completed the assessments (i.e. sputum sample

collected and TST performed and interpreted). The children

who did were not fully assessed due to their deaths or had left

the hospital before collection of sputum or before reading

TST results were not included in categorization of TB

diagnosis.

Data Analysis
Case Report Forms were developed, pretested, and finalized for

data acquisition. Data were entered using SPSS for Windows

(version 17.0; SPSS Inc, Chicago) and Epi Info (version 6.0, USD,

Stone Mountain, GA). We evaluated the frequencies of bacterial

isolates from blood culture and of M.tuberculosis by culture and

Xpert MTB/RIF from sputum. For continuous data, mean

(standard deviation) and median (inter-quartile range) are reported

for symmetrically and asymmetrically distributed data respectively,

with comparisons by t test and Mann-Whitney test. For categorical

data, differences in proportions are compared by the Chi-square

test. Strength of association was determined by calculating odds

ratios (OR) and 95% confidence intervals (CI). We evaluated the

sensitivity and specificity of Xpert MTB/RIF compared to culture.

Results

1,482 severely malnourished children of either sex, younger

than 5 years, were admitted to the Dhaka Hospital during a 15-

month period (April 2011–June 2012). Of them, 405 had

respiratory symptoms with radiological pneumonia, and were

included in the study. The median (IQR) age was 10 (5, 18)

months. Not all children were fully investigated and thus not

clinically classified mainly due to deaths before completion of all

investigations, or left hospital before such assessments could be

made. Figure 1 provides information on the children, the

investigations done, and the outcome.

Bacteraemia
A bacterial pathogen was isolated from blood in 4% (18/405) of

children, and 72% (13/18) of them were Gram negative bacteria

(Table 1). Two children had 2 bacterial pathogens isolated from

the same blood culture. An additional 22 (5%) isolates were

considered contaminants. Antibiotic usage prior to admission was

reported for 12% of all the study children and for 17% (3/18) of

the children with bacteremia.

Tuberculosis Diagnosis
Sputum was examined by smear microscopy and culture alone

in 191 children. X-pert MTB/RIF assay was introduced later,

during the conduct of the study, and was done in an additional 214

children (Tables 1 and 2). TB was microbiologically confirmed on

either or both the specimens in 7% (27) children - 10 by culture, an

additional 17 by Xpert MTB/RIF, and 4 (16%) by both the tests

i.e. a total of 27 children. Six children (24%) were AFB positive on

smear microscopy but two (8%) were not culture confirmed and

thus not regarded as TB cases. Among 21 children positive by X-

pert MTB/RIF alone, only one was AFB positive by smear

microscopy. An additional four children were culture-positive for

Mycobacterium fortuitum from gastric lavage samples, and an

additional one positive from induced sputum. None of the

confirmed TB cases was bacteraemic.

Taking culture confirmed TB as the ‘gold standard’, the

sensitivity of Xpert MTB/RIF was 67% (95% CI: 24–94) and

specificity was 92% (95% CI: 87–95). The ability to diagnose

M.tuberculosis from culture of gastric lavage and induced sputum,

and by Xpert MTB/RIF are shown in Table 3. The yield did not

differ significantly between the methods of specimen collection.

Only one patient was positive by both the diagnostic methods and

on both the specimens. Two children were diagnosed with multi-

drug resistant TB (MDR TB) by culture and DST - resistant to

rifampicin, isoniazid, ethambutol and pyrazinamide. For both the

children, culture was positive on both the specimens, while Xpert

MTB/RIF detected rifampicin resistance only from the gastric

lavage specimen. These children were referred to the national TB

centre for further management and treatment. None of the Xpert

positive, culture negative results identified rifampicin resistance.

A diagnostic classification of TB could be made in 385/405 of

the enrolled children (Figure 1). There were 60 (16%) children

with a clinical diagnosis of ‘‘non-confirmed’’ TB, and thus TB was

clinically or microbiologically diagnosed in 87/405 (23%) children

for whom all needed data were available. Table 4 lists the clinical

characteristics and outcomes of the groups by TB status i.e.

‘confirmed’ and ‘no-TB’. Confirmed TB cases were significantly

more likely to have a history of contact or have a positive TST

than those classified as ‘‘not TB’’. Of the confirmed TB cases, only

19% had a reported history of contact and only 22% were TST

positive.

Study Outcomes
Outcomes of the study children by their diagnosis have been

presented in Table 3 and in Figure 1. Of the enrolled children, 9%

(35/405) died in hospital and another 9% (32/369) of the children

discharged from the hospital died in their homes during the follow-

up period. Five (28%) of the bacteremia cases died in hospital but

none during follow-up. The children with TB diagnosis were

followed for 6 months. Of those with confirmed TB none died in

hospital but 11% (3/27) died in home while receiving anti-TB

treatment. Inpatient deaths was significantly higher for children

with bacteraemia compared to TB children who did not have

bacteraemia (p,0.001), but the post-discharge deaths was higher

Table 3. Comparison of diagnostic yield from study patients according to sampling method and laboratory method.

Diagnosis Induced sputum (IS) Gastric lavage (GL) IS and GL positive in same patient Test of significance comparing IS to GL

Number positive/number of samples (%) OR (95% CI); p value

Culture 10/394 (2.5%) 6/396 (1.5%) 6/394 (1.5) 1.69 (0.56–5.29); 0.4

Xpert MTB/RIF 16/211 (7.6%) 11/214 (5.1%) 6/211 (2.8) 1.51 (0.65–3.59); 0.4

All confirmed TB 24/394 (6.1%) 14/396 (3.5%) 11/394 (2.8) 1.77 (0.86–3.66); 0.13

OR = Odds ratio; CI = Confidence interval.
doi:10.1371/journal.pone.0093776.t003

#
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(not statistically significantly) among TB children. Completion of

anti-TB treatment could be recorded for 60% (16/27) of the

‘‘confirmed’’ TB and 83% (50/60) of ‘‘non-confirmed (probable

cases) TB’ cases. The two children with MDR TB responded well

to initial treatment but their final outcome was not known. The

children with positive Mycobacterium fortuitum culture were not

treated prior to the culture result, were doing well clinically

without any treatment, and were all well at 3-months’ follow-up.

Discussion

This study provides original data of the prevalence of TB in

severely malnourished children with pneumonia living in a TB

endemic setting. There are few such data from TB endemic

settings and very limited data from the Asian region - surprising

given the strong clinical and epidemiological association between

severe malnutrition and TB in children [4].

Our study also provides original data on the performance of

Xpert MTB/RIF assay in our contexts, which provided diagnostic

assistance in children with a negative sputum culture. Its specificity

was lower than reported in previous studies, which may reflect the

limitations of the solid culture methodology used in our study, the

paucibacillary nature of TB disease in young children, and/or the

quality of sputum samples collected from such sick, young

children. Previous studies of Xpert included a wider age range

of children (including children of 5 years and older) and compared

Xpert MTB/RIF to liquid culture [12,13,14]. Previous studies

have also noted that diagnostic yield was age-related. The

sensitivity observed in our study was within the range reported

by earlier studies but our range was very wide due to the small

number of culture positive cases for comparison. The diagnostic

yield of Xpert in our study was higher than for smear microscopy,

which is consistent with earlier observations. Xpert MTB/RIF

successfully detected two children in our study with MDR TB,

which is consistent with the observation by Nicol et al. [12],

however, both were from gastric lavage specimens while the

culture was positive for both gastric lavage and induced sputum.

Our study has a number of important limitations that are

inherent to studies of aetiology of respiratory disease in young

children. Blood culture is recognized to have low sensitivity for

determining bacterial causes of pneumonia [26]. Isolates of

coagulase-negative Staphylococcus were considered contaminants

but that could have a pathogen in some children. The true

sensitivity of blood culture for bacterial pneumonia in this

population is not known but is likely to be less than 20%. The

true sensitivity of confirm TB by culture and Xpert assay is not

known, especially in severely malnourished young children, such

as children in our study. Finally, HIV testing was not performed

despite its importance, at last as co-infection, in severely

malnourished children; however, HIV prevalence is very low in

Bangladesh, especially in children [27].

We recruited only severely malnourished children with evidence

of lower respiratory tract infection diagnosed on the basis of a

combination of respiratory symptoms with radiographic evidence

of parenchymal lung disease, rather than using the WHO clinical

classification of pneumonia that relies on respiratory rate and chest

indrawing [17]. It is recognized that clinical and radiological

determinants of pneumonia in children with severe malnutrition

are different to those without severe malnutrition, and that they

are not as well defined or validated for children with severe

malnutrition. Most of the children in this study did not have fast

breathing or chest indrawing, including those with bacteraemia,

and it is difficult to distinguish pneumonia from septicaemia

without an identifiable infections focus in such children. Severely
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malnourished children are profoundly immunosuppressed and

unlike their healthy counterparts do not mount vigorous inflam-

matory response to infection [28]. This is likely to influence clinical

and radiographic manifestation of disease such as bacterial

pneumonia or TB.

The inpatient mortality was high, especially among those with

bacteraemia, which is similar to previous studies in malnourished

children [2,16]. The deaths was associated with wide range of

bacterial isolates from blood culture with predominance of Gram

negatives, which is also consistent with previous observations

[2,4,24,29]. We also noted post-discharge mortality, with rates

similar to that of the inpatient deaths. Usually, full clinical and

nutritional recovery cannot be achieved during hospitalization of

children in busy hospital set ups n developing countries.

Consequently, those surviving during the hospitalization period

may return home in a vulnerable state, and there is additional risk

of acquiring nosocomial infections while in the hospital that may

not be apparent at discharge. The role of antibiotic prophylaxis

such as cotrimoxazole preventive therapy in this context is

currently being evaluated in a randomized placebo-controlled

trial in Kenyan children with severe malnutrition [30].

We were unable to determine significant differences in the

characteristics between the cases (Table 3) that might have a

pragmatic clinical role to guide diagnosis. The TST was negative

in some of our children with confirmed TB, which is not

unexpected as our children were severely malnourished. Expect-

edly, a history of contact was more common in children with

confirmed TB; however, even this diagnostic clue was surprisingly

uncommon. The stigma associated with TB in our context might

have affected the validity of this information. Additionally, this

history may not be available for children that live in extremely

overcrowded slums as family members may not know who has

transmitted TB to their child. Therefore, assessment of clinical or

epidemiological risk factors for TB in our children may not be

reliable. Features such as malnutrition and CXR abnormalities

were part of the entry criteria, and TST positivity played a major

influence in the clinical diagnosis of TB in our study. It is thus

possible that our study over-diagnosed TB in the ‘‘non-confirmed’’

group while being under-diagnosed in the ‘‘not TB’’ group.

Nonetheless, one third of all cases was microbiologically

confirmed, and ‘‘typical’’ features of TB such as persistent (.2

weeks) cough was uncommon in all groups. This study highlights

the need to consider the diagnosis of TB in all severely

malnourished children from TB endemic settings.

Our study children tolerated the procedure of sputum

induction, which also is consistent with previous observations

[31,32]. We did not observe a difference in yield between sputum

sampling methods but our sample size was smaller than previous

studies that have observed a significantly higher yield from

induced sputum [18]. The yield from culture and Xpert MTB/

RIF assay increases by taking two samples of sputum by each

technique compared to one [11,12,13]. However, the use of a

second induced sputum specimen increases the cost [33] and

inconveniences to the patients. However, in young children with a

low yield due to paucibacillary disease and difficulty in obtaining

sputum, a second test may be worthwhile if the first test is negative

[12].

In conclusion, the results of our study indicates that TB is

common in severely malnourished children presenting with

pneumonia in a TB endemic setting such as Bangladesh, and that

Xpert MTB/RIF assay improved diagnosis in this set up. The

high inpatient and post-discharge mortality in these children

highlights the need for a better understanding of the preventable

and treatable causes of infection in children with severe

malnutrition.
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