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ARTICLE INFORMATION AIM: To compare chest radiography (CXR) findings in human immunodeficiency virus (HIV)-
positive and HIV-negative children who had microbiologically confirmed pulmonary tuber-
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RESULTS: CXRs of 130 children were analysed from 35 (27%) HIV- positive and 95 (73%) HIV-
negative children with confirmed PTB, median age 45.7 months (interquartile range [IQR] 18
—81.3 months). CXR changes consistent with PTB were reported in 21/35 (60%) of HIV-positive
and 59/95 (62%) of HIV-negative patients, (p=0.81). Normal CXR was identified in 3/35 (8.6%)
of HIV-positive and 5/95 (5.3%) of HIV-negative patients (p=0.81). Airway compression was
present in 3/35 (8.6%) of HIV-positive and 7/95 (7.4%) of HIV-negative patients (p>0.99).
Overall, lymphadenopathy was identified in 42/130 (32.3%) of patients, 11/35 (31.4 %) were
HIV-positive compared with 31/95 (32.6%) HIV-negative patients. Airspace consolidation was
present in 60% of both HIV-positive (21/35) and HIV-negative patients (57/95). Pleural effusion
was present in 2/35 (5.7 %) of HIV-negative and 9/95 (9.5 %) of HIV-negative patients. There
were no statistically significant radiological differences by HIV group.
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CONCLUSION: There were no significant differences in the CXR findings between the HIV-
positive and HIV-negative children with confirmed PTB.
© 2023 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.

Introduction

The impact of human immunodeficiency virus (HIV) and
co-infection, including tuberculosis (TB), continues to place
a major burden on healthcare in sub-Saharan Africa. In
children, vertical transmission is still the predominant
mechanism of HIV infection.! > HIV-infected children have
a threefold higher risk of contracting respiratory infections,
especially TB, not only because of their immature immune
systems* and HIV-related immune suppression, but also
from poor maternal immunity and lack of protective
maternal antibodies with vertical transmission.”® TB also
commonly co-exists with malnutrition, contributing to high
TB-associated mortality.>’ TB may be difficult to diagnose in
children as the signs and symptoms are non-specific and
definitive confirmation may be difficult, especially in young
children and HIV-infected children.® ! Culture or positive
polymerase chain reaction (PCR) (GeneXpert® Xpert®
MTB/RIF) of Mycobacterium tuberculosis are the reference
standard for the diagnosis of definite PTB; however, chil-
dren are frequently culture-negative. As timely initiation of
therapy is important to prevent disease progression in
children, therapy is often started based on clinical and
radiological features.”> Diagnosing TB can also be chal-
lenging in the presence of malnutrition as the clinical pre-
sentation, disease spectrum, and/or diagnostic yield may be
altered.”

According to the World Health Organization (WHO)
Global Tuberculosis Report 2013, HIV-positive TB patients
have worse treatment outcomes than HIV-negative TB
cases.'* Treatment of TB disease in HIV-infected children
can be complex due to drug interactions, the need to adjust
antiretroviral drug doses, and adherence to multiple
drugs.'>'% Chest radiography (CXR) plays a vital role in the
diagnosis of PTB especially in children.”” There is now a new
practical value in the use of CXR in diagnosis of PTB based
on the 2022 WHO consolidated TB guidelines with classi-
fication of disease into severe and non-severe TB categories
for decisions on length of treatment.'” CXR features that are
suggestive of TB include: enlarged hilar lymph nodes, lung
opacification, miliary pattern opacification and persistent
opacification not responding to treatment.'” HIV-infected
children may present with atypical findings and a normal
CXR.'®1° Some studies have compared CXR findings be-
tween HIV- infected and HIV- uninfected TB
patients,>'"?°~?4 but these were not in children with
confirmed PTB. This study aimed to compare the chest X-ray
findings in HIV-positive and HIV-negative children with
microbiologically confirmed PTB.

Material and methods

This was a retrospective analysis of CXRs from children
with known HIV status (PCR or enzyme-linked immuno-
sorbent essay [ELISA]) and proven PTB (culture and/or
GeneXpert Xpert MTB/RIF positive), whose drug antiretro-
viral treatment (ART) profile was unknown. These children
were hospitalised at a tertiary referral children’s hospital or
seen at a primary healthcare centre in South Africa over a 5-
year period.

Secondary analysis was undertaken of CXR data collected
as part of an institutional review board-approved parent
prospective study conducted in the Western Cape province
of South Africa. Ethics approval was obtained from the HREC
of Faculty of Health Sciences, University of Cape Town, for
the parent study (ethics clearance number ref no: 045/
2008) and ethics clearance for the current study (certificate
no: M140128) was obtained from the University of the
Witwatersrand.

Children underwent anteroposterior (AP) and lateral CXR
as part of a routine initial assessment and no follow-up
radiographs were included. These CXRs were interpreted
for this study by two paediatricians, who were independent
expert primary readers, each with >20 years of clinical
experience. A third independent reader (with >10 years of
experience as a paediatric radiologist at the time of the
study) was used as a tiebreaker when there was no
consensus. A standardised reporting form was used, and all
readers were blinded to HIV-status, clinical data, and other
laboratory results of all the patients. Radiological findings
were subsequently compared according to HIV and nutri-
tional status.

Data available from the parent study included de-
mographic information, clinical information (e.g., nutri-
tional status), and laboratory results (e.g., TB diagnosis and
HIV status for each patient). Data on the CXR findings was
documented on a standardised reporting form, and readers
were blinded to HIV status, clinical data, and other labora-
tory results of all the patients. This form had six defined
reporting categories: lung parenchyma, airway, nodes,
pleura, heart, and technical quality.

The chi-squared test was used to assess the relationships
between categorical variables. Fisher’s exact test was used
for 2 x 2 tables or where the requirements for the chi-
squared test could not be met. The strength of the associ-
ations was measured by Cramer’s V and the phi coefficient,
respectively. The relationship between continuous and
categorical variables was assessed using the t-test. Where
the data did not meet the assumptions of these tests, a non-
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parametric alternative and the Wilcoxon rank sum test was
used. The strength of the associations was measured by the
Cohen’s d for parametric tests and the r-value for the non-
parametric tests. For the between group testing for
underweight-for-age, HIV status was included as a covari-
ate. For categorical variables, this was accomplished by
using the Cochran—Mantel-Haenszel test, while for
continuous variables, a general linear model with HIV status
and nutritional status as fixed effects was used.

A 5% significance level was used throughout. Results
were expressed as frequencies and percentages for cate-
gorical variables. Data analysis was carried out using SAS
software (version 9.3 for Windows, SAS Institute, Cary, NC,
USA).

Results

The CXRs of 130 children were included in the study; 110
(84.6%) were hospitalised at a tertiary referral children’s
hospital while 20 (15.4%) were ambulatory patients from
the primary healthcare centre (NG). Fifty-four patients
(41.5%) were female; median age was 45.7 months (3.8
years; interquartile range [IQR] 18—81.3 months or 1.5—6.8
years). There were 35 (26.9%) HIV-positive and 95 (73.1%)
HIV-negative children.

HIV-positive and HIV-negative children were compared
with regards to healthcare site, sex, and age (Table 1). HIV-
positive children were older, median age of 64.7 (IQR
44.2-91.3) months, than those who were HIV-negative,
median age 27.3 (IQR 16.6—62.4) months (p=0.005).

A total of 122 (93.8%) CXRs were found to be abnormal,
while eight (6.2%) were normal. Eighty (61.5%) CXRs were
classified as consistent with PTB, while 42 (32.3%) were
considered to be inconclusive. None of these outcomes
were significantly associated with HIV status or nutritional
status (Table 2). Airway compression was present in 3/35
(8.6%) of HIV-positive and 7/95 (7.4%) of HIV-negative pa-
tients. Airspace consolidation (Figs 1 and 2) was present in
60% of both HIV-positive (21/35) and HIV-negative patients
(57/95). Only 1/35 (3%) of the HIV-positive cases compared
with 12/95 (13%) of the HIV-uninfected cases had lung

Table 1

cavities; similarly, 1/35 (3%) of HIV-positive and 11/95
(11.6%) of HIV-uninfected patients had interstitial nodular
infiltrates. Pleural effusion (Fig 3) was present in 2/35 (5.7
%) of HIV-positive and 9/95 (9.5 %) of HIV-negative children
(Table 3).

Overall lymphadenopathy was identified in 42/130
(32.3%) patients, with a similar proportion in HIV-positive
and negative children (11/35 [31.4 %] versus 31/95 [32.6%]).
Hilar lymphadenopathy (Fig 4) was present in 8/35 (23%)
of HIV-positive and 25/95 (26%) of HIV-negative patients,
while mediastinal lymphadenopathy occurred in 8/35
(23%) of HIV-positive and 20/95 (21.1%) of HIV-negative
children (Table 4). None of these differences were statis-
tically significant. Thirty-nine (30.0%) children were
underweight-for-age, 74 (56.9%) adequately nourished,
and 17 (13.1%) had unknown nutritional status. Most
underweight-for-age patients (38/39 patients, 97.4%) were
hospitalised (p=0.004) and were male (28/39 patients,
72%; p=0.046). Underweight-for-age occurred more
commonly in HIV-positive patients (17/31, 48.6%) than
HIV-negative patients (22/95, 23.3%; p=0.008; Table 5).
Pleural effusion was present in 9/74 (12.2%) of the
adequately nourished patients, while none of the
malnourished patients had this feature (p=0.025; Table 3).
A proportion of adequately nourished patients with
lymphadenopathy was 29/74 (39.2 %) and 12/39 (30.8 %) in
underweight-for-age group.

Discussion

In the present study, most children (94%) with microbi-
ologically confirmed PTB had an abnormal CXR, with only
6% of children having a normal CXR; however, there were
no significant differences in radiological findings between
HIV-positive and HIV-negative children with PTB. A possible
reason for this finding could be that the HIV-infected chil-
dren may have been well-controlled on antiretroviral drugs,
with consequently higher CD4 counts and undetectable
viral loads. The present findings are consistent with a prior
South African study of HIV-infected children, which re-
ported a high prevalence of CXR abnormalities, with the

Comparison of human immunodeficiency virus (HIV)-positive and HIV-negative children by healthcare site, sex, age and nutritional status.

Variable Category Overall

HIV-positive HIV-negative p-Value (effect size)

No. of patients (%)

No. of patients (%) No. of patients (%)

n=130 n=35 n=95
Healthcare site Primary healthcare centre 20 (15.4) 4(114) 16 (16.8) 0.59
Hospital 110 (84.6) 31(88.6) 79 (83.2)
Sex B 54 (41.5) 17 (48.6) 37 (38.9) 0.42
M 76 (58.5) 18 (51.4) 58 (61.1)
Age (months) Median 45.7 64.7 27.3 0.005% (r=0.25")
IQR 18 to 81.3 44.2 to 91.3 16.6 to 62.4
Age (years) Median (IQR) 3.8 (1.5-6.8) 5.4 (3.7-7.6) 2.3(1.4-5.2)
Underweight No 74 (65.5) 14 (45.2) 60 (73.2) 0.008¢ (phi = 0.26")
For age (n=113) Yes 39 (34.5) 17 (54.8) 22 (26.8)

2 Wilcoxon rank sum test.
b Weak association.
¢ Fisher’s exact test.
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Table 2
Final assessment of chest radiographs (CXRs) including radiological diagnosis of tuberculosis according to human immunodeficiency virus (HIV) and nutritional

status categories in children.

Diagnosis on CXR Overall n (%) HIV status (n=130) Nutritional status (n=113)
T Positive n (%) Negative n (%) p-Value Adequately nourished Underweight for age p-Value
n=35 n=95 No. (%) n=74 No. (%) n=39
Normal CXR 8 (6.2) 3(8.6) 5(5.3) 0.81 6(8.1) 2(5.1) 0.91
TB on CXR 80 (61.5) 21 (60) 59 (62.1) 46 (62.2) 28 (71.8)
Inconclusive CXR 42 (32.3) 11 (314) 31 (32.6) 22 (29.7) 9(23.1)

Figure 1 Frontal and lateral chest radiographs of an 8-month-old malnourished female patient with confirmed TB, who was HIV-negative,
demonstrating right upper lobe airspace consolidation (white arrow) and perihilar lymphadenopathy (asterisk) causing left main bronchus
compression (black arrow).

Key: Grey box anonymization of hospital identifiers.

Figure 2 Frontal and lateral chest radiographs of an 8-year-old malnourished male patient with confirmed TB, who was HIV-positive,
demonstrating right upper lobe airspace consolidation (arrows) with air bronchograms.

extent of chest radiological abnormality associated with participants makes these findings important and novel.
clinical and immunological severity of HIV disease.'® Other studies, summarised in Table 6, used a combination of

The inclusion of children with microbiologically radiological, clinical, or culture characteristics to diagnose
confirmed PTB (GeneXpert Xpert MTB/RIF or culture posi- PTB,2'129-24 and the HIV status of some patients was un-
tive) in the present study and confirmed HIV status of all known.”® Table 6 compares the current study with seven
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Figure 3 Frontal and lateral chest radiographs of an 18-month-old well-nourished HIV-negative infant with confirmed TB demonstrating left-
sided pleural effusion (arrow).

Table 3
Chest radiography (CXR) parenchymal and pleural findings according to human immunodeficiency virus (HIV) and nutritional status categories.
Finding Category Overall n (%) HIV status (n=130) Nutritional status (n=113)
Rl Positive n (%) Negative n (%) p-Value Adequately Underweight p-Value
n=35 n=95 nourished for age n (%)
n (%) n=74 n=39
Airspace consolidation ~ No 50 (38.5) 13 (37.1) 37 (38.9) >0.99 29 (39.2) 15 (38.5) 0.81
Yes 78 (60) 21 (60) 57 (60) 45 (60.8) 22 (56.4)
Inconclusive 2(1.5) 1(2.9) 1(1.1) - 0(0) 2(5.1) -
Hyperinflation Yes 3(2.3) 1(2.9) 2(2.1) >0.99 3(4.1) 0(0) 0.17
Cavitation Yes 13 (10) 1(2.9) 12 (12.6) 0.18 7 (9.5) 1(2.6) 0.34
Nodular infiltration Yes 8 (6.2) 1(2.9) 7(7.4) 0.68 4(5.4) 3(7.7) 0.47
Miliary infiltration Yes 4(3.1) 0(0) 4(4.2) 0.57 2(2.7) 2(5.1) 0.29
Volume loss Yes 4(3.1) 0(0) 4(42) 0.57 3 (4.1) 0(0) 0.29
Air trapping Yes 1(0.8) 0(0) 1(1.1) >0.99 0(0) 1(2.6) 0.1
Pleural effusion Yes 11 (8.5) 2(5.7) 9(9.5) 0.73 9(12.2) 0(0) 0.025%

2 Cochran—Mantel—Haenszel test.

Figure 4 Frontal and lateral chest radiographs of a 2.5-year-old well-nourished girl with confirmed TB, who was HIV-negative, demonstrating
paratracheal lymphadenopathy (asterisk) as seen by tracheal displacement to the left, compression of the bronchus intermedius as well as left
main bronchus (arrow heads) and multi-lobar air space consolidation (white arrows). The doughnut sign (black arrows) on the lateral view
indicates peri-hilar lymphadenopathy.
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Presence and location of lymphadenopathy on chest radiography (CXR) according to human immunodeficiency virus (HIV) and nutritional status categories.

Variable Overall HIV status (n=130) Nutritional status (n=113)

Positive Negative p-Value Adequately nourished Underweight for age p-Value
Total N (%) n=130 n (%) n (%) n (%) n (%)

n=35 n=95 n=74 n=39
Overall lymph adenopathy 42 (32.3) 11 (314) 31(32.6) >0.99 29 (39.2) 12 (30.8) 0.38
Perihilar lymphadenopathy 33(25.4) 8(22.9) 25 (26.3) 0.82 23 (31.1) 9(23.1) 0.41
Subcarinal lymphadenopathy 6 (4.6) 1(2.9) 5(5.3) >0.99 5(6.8) 1(2.6) 0.41
Paratracheal lymphadenopathy 22 (16.9) 7 (20) 15 (15.8) 0.60 16 (21.6) 6 (15.4) 0.34

Table 5

Underweight for age children with pulmonary tuberculosis by healthcare site, sex and human immunodeficiency virus (HIV) status.

Variable Category

No. of patients,

Underweight for age

Adequately nourished p-Value (effect size)

No. of patients,

n=39 (%) n=74 (%)
Healthcare site Primary healthcare centre 1(2.6) 18 (24.3) 0.004°
Hospital 38 (97.4) 56 (75.7)
Sex F 11 (28.2) 32 (43.2) 0.046°
M 28 (71.8) 42 (56.8)
HIV status Positive 17 (43.6) 14 (18.9) 0.008" (phi = 0.26)
Negative 22 (56.4) 60 (81.1)

2 Cochran—Mantel—Haenszel test.
b Fisher’s exact test.
¢ Weak association.

other studies of CXR findings of PTB in HIV-positive and
HIV-negative children. As shown on this table, the current
study is the most comprehensive of these, where compar-
ative studies are missing radiology data or microbiological
confirmation.

Most children in the present study (84.6%) were hospi-
talised, implying that they had severe illness. This may have
contributed to the most common CXR finding in both HIV-
positive (60%) and HIV-negative (60%) children being
airspace consolidation. This is also consistent with prior
studies that have reported this in 26%>° to 61%°° of patients;
however, another South African study reported that bron-
chial wall thickening was the commonest CXR finding in
HIV-infected children,'® but this study had a younger pop-
ulation (median age 23.4 months, IQR 11.1—47.4) and only
13.9 % of patients had confirmed PTB.

The current study showed that miliary and nodular
infiltration, cavitation, hyperinflation, volume loss, or peri-
hilar streakiness were uncommon CXR findings regardless
of HIV or nutritional status. In a study from Thailand of 93
children with PTB and known HIV status, 2% of patients in
the HIV infected group demonstrated miliary infiltration
and none had evidence of cavitation. In the HIV-uninfected
group, only 2.4% showed cavitation. There was also no sta-
tistically significant difference in radiological findings by
HIV status.® These findings confirm that cavitation is not a
common feature of primary TB but is usually seen in teen-
agers and adults as part of the post-primary spectrum,
which includes re-infection and re-activation.?’ The present
patient population was young with a median age of 46
months. The frequency of cavitation on CXR in children with
PTB, varies greatly in the literature, from as low as 2.5%—

22%,2%26 consistent with the current study, which found
cavitation in only 10% (13 patients) and mostly in an older
age group.

Lymphadenopathy is a common finding in children with
PTB. The current study showed no statistically significant
associations between HIV status or nutritional status and
the presence of lymphadenopathy on radiographs. Lymph-
adenopathy was more likely to be located in the perihilar
region. Other studies support this finding that hilar and
mediastinal lymphadenopathy is common in PTB patients
with prior studies reporting a frequency as high as 70—80%
for perihilar adenopathy.”>?® All patients in those studies
comprised hospitalised children with proven TB but un-
known HIV status and nutritional status. To the authors’
knowledge, no study has shown a difference in the preva-
lence of lymphadenopathy by HIV status, consistent with
the present study.

Pleural effusion was the only CXR finding found as a
differentiating feature between the adequately nourished
and the underweight-for-age group, present in 12% of
adequately nourished and none of poorly nourished chil-
dren. Pleural effusion often is a hypersensitivity reaction, so
poorly nourished children may have immune impairment
that limits this immune response, as occurs with a falsely
negative tuberculin skin test. The current study confirmed
the co-existence of PTB, HIV, and malnutrition. Out of all TB
patients who were underweight-for-age (n=39) and those
who were HIV-positive (n=35), a proportion of TB patients
with both HIV and underweight-for-age was 17/74 (23%).
The co-existence of TB, HIV, and malnutrition has been well
described by prior studies'"*"?>?# and is associated with a
worse outcome.



Table 6

Comparison of this study with other studies comparing chest radiographs (CXRs) of human immunodeficiency virus (HIV)-infected and HIV-uninfected children with pulmonary tuberculosis (PTB).

Current study Srinakarin, J. Soeters, M. et al. Schaaf, HS Madbhi, S. et al. Iriso, R. Kiwanuka Palme, I.B.
South Africa et al 2005 (24) 2007 (20) South 2000 (11) 2005 (21) Uganda 2002 (22) Uganda 2002 (23)
2012 (8) South Africa Africa South Africa Ethiopia
Thailand
Age (months) 2—156 4-144 <180 <156 2—-144 2—-60 <168 0—-168
Mean/median (months) 52.8/45.6 86.4 (mean) 25.2 (median) 31 (median) 12.5 (HIV+) and 20 (HIV—)  25.5 (mean) 36 (median) Not stated
(median)

Patients: 130 93: Mostly 238 596 98° 126 88 517 (234°
Inpatient (HIV+/HIV 110 outpatients  All All All in-patients All in-patients All in-patients with PTB)
—/unknown) 20 (4/16) None None 72 (Not
Outpatient (HIV+/ specified)
HIV-) 445 (Not

specified)

TB diagnosis All confirmed Mainly Biochemically  Culture Clinical, radiological and Clinical, Clinical, radiological and Mainly

TB by culture clinically proven (52%) Proven TB Microbiological radiological microbiological clinically.

and PCR and Clinically and microbiological (190 culture-
radiologically suspected (48%) Culture-proven=36 positive)
proven TB (28.6%)

HIV status:

HIV+ 35 (27%) 52 (56%) 43 (18%) 133 (22%) 39 (39.8%) 62 (49%) 437 (49%) 28 (48%)

with PTB

HIV— 95 (73%) 41 (44%) 95 (40%) 281 (47.1%) 59% (60.2%) 64 (51%) 45% (51%) 2067 (45%) with

PTB

Not tested 0 0 100 (42%) 182 (30.5%) 0 0 0 0

Normal CXR: Not stated None None

HIV+ 4(11.4%) None 3% (7%) 5 (4%) 3%

HIV 6 (6.3%) 14° (15%) 32 (11.7%) 18%

Lymphadenopathy 42" (32.3%) Hilar/ Mediastinal” 51.9% Hilar adenopathy 81/126 (64%) Hilar adenopathy 53%(60.2) Hilar
(overall) mediastinal” 46° (46.9%) adenopathy

HIV+ 11° (31.4%) 17" (32.6%) 18 (42%) 56.3% 17° (43.6 %) 44 (35%) 24 (56%) 10 (17%)

HIV 31°(32.6%) 13" (31.7%)  38%" (40%) 51.8% 297 (49.2%) 37 (29.4%) 297 (64%) 115 (25%)

Commonest site Perihilar Not specified Not specified Perihilar 14.1% Not specified Perihilar 35% (39%/ Not specified Not specified
(HIV+/HIV-) 25% (23%[26%) (36.5%/33.2%) 31%)

Parenchymal changes Airspace Interstitial Airspace Airspace Airspace consolidation Airspace Airspace consolidation Not specified.

consolidation consolidation

Total 78/130 (60%) 69/93 (74%) 56/1387 (40.6%) 285 (51.4%) 54° (55.1%) 72 (57.1%) 477 (53.4%)

HIV+ 21/35 (60%) 39/52 (75%) 18/43%(41.9%) 128 (66.7%) 267 (66.7%) 37 (60%) 28 (65.1)

HIV 57/95 (60%) 30/41 (73.1%) 38/957 (40%) 84 (46.7%) 287 (47.5%) 35 (55%) 197 (42.2)

Airway compression Left main bronchus: Not stated Not stated Not stated Not stated Not stated Not stated Not stated.
(commonest 8 (6.2%)

site) n/%

HIV+
HIV

3 (8.6%)
5 (5.3%)

17 (13.5 %)
54 (19.7%)

PCR, polymerase chain reaction.
2 Only patients with known HIV status, TB status and read CXR are tabulated here. Those with unknown HIV, TB status and CXR findings are not included in these calculations.

b Overall finding.
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The study indicates that CXR abnormalities are very
common in children with PTB irrespective of whether they
are infected with HIV or not. This supports the use of CXR as
a first-line investigation in all children with suspected PTB,
and recent revised WHO recommendations that include the
extent of chest radiological changes to define severity of TB
and guide treatment (4 months for non-severe disease).
Further research is needed to investigate longitudinal
changes in chest radiology and time to resolution in chil-
dren with PTB, given the increasing recognition of post-TB
chronic lung disease.

Some of the limitations of the present include the
study population being mainly hospitalised patients and
that follow-up CXRs were not included in the
assessment.

In conclusion, this study showed that radiological fea-
tures in children with microbiologically confirmed PTB are
similar in HIV-positive and HIV-negative children, with CXR
abnormalities being common, occurring in >90% of children
in both groups. More than 60% of patients demonstrated
CXR features compatible with PTB. The commonest radio-
logical abnormalities were airspace consolidation followed
by hilar or mediastinal lymphadenopathy. Pleural effusion
occurred only in adequately nourished patients.
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