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Abstract

Background: Malnutrition continues to be a major cause of mortality and morbidity among children in resource
limited settings. Children with severe acute malnutrition (SAM) experience severe thymus atrophy, possibly
reflecting poor immune function. This immune dysfunction is responsible for the severe infections they experience
which lead to mortality. Since their immune dysfunction is not fully understood and there has been a lapse in
research in this field, more research is needed. Knowing the correlates of thymus size may help clinicians identify
those with more severe atrophy who might have more severe immune impairment. We aimed to describe thymus
size and its correlates at admission among children hospitalized with SAM.

Methods: This cross-sectional study involved children 6-59 months admitted with complicated SAM in Mulago
National Referral Hospital. Well-nourished children from same communities were used as a community reference
group for thymus size. At admission, thymus size was measured by ultrasound scan. Demographic, clinical and
laboratory variables were identified at admission. A linear regression model was used to determine correlates of
thymus size among children with SAM.

Results: Among 388 children with SAM, the mean age was 17±8.5 months and 58% were boys. The mean thymus
size was 3.14 (95% CI 2.9; 3.4) cm2 lower than that of the 27 healthy community reference children (1.06 vs 4.2 cm2,
p<0.001) when controlled for age. Thymus size positively correlated with current breastfeeding (0.14, 95% CI 0.01,
0.26), anthropometric measurements at admission (weight, length, mid-upper-arm circumference, weight-for-height
Z scores and length-for-age Z scores) and suspected tuberculosis (0.12, 95% CI 0.01; 0.22). Thymus size negatively
correlated with > 2 weeks duration of sickness (-0.10; 95% CI -0.19; -0.01).
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Conclusion: The thymus is indeed a barometer for nutrition since all anthropometric measurements and
breastfeeding were associated with bigger thymus. The immune benefits of breastfeeding among children with
SAM is underscored. Children with longer duration of illness had a smaller thymus gland indicating that infections
have a role in the cause or consequence of thymus atrophy.
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Background
Malnutrition continues to be a major cause of morbidity
and mortality among children, with 45% of all child
deaths being estimated to be linked to malnutrition [1].
The high mortality rate among children hospitalized
with severe acute malnutrition (SAM) is largely due to
the high burden of infections they experience, with diar-
rhoea and pneumonia being the most common [2, 3].
This increased susceptibility to infection is not well
understood but it is likely due to changes in immune
functions associated with malnutrition [4]. Despite gaps
in understanding immune functions among children
with SAM, there has been a lapse in research in this area
in the last 10 years [4], highlighting the need for further
research.
The thymus gland is a lymphoid organ where matur-

ation of the bone marrow derived T lymphocyte takes
place. Children with SAM have been found to have
severe atrophy of the thymus gland [3–6]. This could be
as a result of several micronutrient deficiencies [7, 9],
hormonal changes [10, 11], lack of energy and building
blocks [12] and concurrent infections [13].
The thymus gland has been found to be sensitive to

environmental factors, and its size seems to reflect the
influence of these different factors [14, 15]. Since most
studies on factors affecting thymus size have involved
healthy children, a knowledge gap still exists for the
children with SAM who suffer severe thymus atrophy.
Knowing the correlates may help clinicians identify those
with more severe atrophy who might have more severe
immune impairment. In addition, it may contribute to
understanding the immune functions among children
with SAM. We therefore set out to determine the thy-
mus size and its correlates at admission among children
who were admitted with SAM in Mulago Hospital.

Methods
Study design and setting
This was a cross-sectional study which was part of a ran-
domized controlled trial assessing the effect of probiotics
on diarrhea among children admitted with SAM; regis-
tered at www.isrctn.com (ISRCTN16454889) and whose
findings were published [16]. Patients were enrolled over
a period of 18 months starting March 2014. The study
was conducted at the Mwanamugimu Nutrition Unit

(MNU) located in Mulago National Referral Hospital, a
large teaching hospital with a 1500 bed capacity in
Kampala, Uganda. The unit admits about 120 severely
malnourished children per month for inpatient thera-
peutic care and also provides outpatient nutritional re-
habilitation at the MNU Outpatient Therapeutic Care
(OTC) clinic.

Selection criteria
We included children aged 6–59 months admitted with
SAM in MNU and whose caretakers consented to
participate in the study. SAM was defined as mid-upper
arm circumference (MUAC) < 11.5 cm or weight-for-
height Z score (WHZ) <-3 SD or bipedal pitting edema.
As part of the randomized controlled trial, we excluded
patients with severe conditions such as shock, severe re-
spiratory distress at admission, weight below 4.0 kg and
obvious disability whose response to nutritional rehabili-
tation is usually compromised. We also included 30
apparently healthy children from similar social status,
age group and communities as study patients with SAM
but whose WHZ were >-1. These were selected to pro-
vide the reference thymus size for non-malnourished
children in the same setting.

Data collection
Children who fulfilled the eligibility criteria during the
study period were consecutively enrolled until the re-
quired sample size was reached. After providing written
informed consent, a questionnaire was administered by a
study pediatrician or medical officer at enrollment. The
questionnaire included medical history focusing on
demographics, description of presenting symptoms,
physical examination and diagnosis. More detailed diet-
ary history and socioeconomic history was taken the fol-
lowing day. As part of the physical examination,
anthropometric measurements were taken by nutrition-
ists three times and the average was taken. Length or
height was measured using an infant length board (In-
fant/Child Shorr-Board® Maryland, USA) and MUAC
using a measuring tape, both to the nearest 1 mm. Body
weight was measured using a digital scale (Seca 813
Hamburg, Germany) to the nearest 0.1 kg. The WHZ
were calculated using the Child Growth Standards of the
World Health Organization (WHO) [17]. The healthy
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controls were subjected to the same questionnaires and
tests as the children with SAM. Treatment of SAM children
was instituted according to the Integrated Management of
Acute Malnutrition (IMAM) guidelines [18] but transition
of feeds was according to the WHO guidelines [19].

Blood tests
Four ml of blood were drawn from venipunctures into
heparinized vacutainer tubes (Becton Dickinson, Franklin
lakes, NJ USA). Samples for complete blood count were
analyzed using a Coulter counter and expressed as cells
per cubic millimeter (cells/mm3). HIV serological testing
was done using rapid tests (Determine HIV-1/2 from
Abbott Laboratories, USA), and positive samples were
confirmed with HIV 1/2 Stat-Pak Dipstick Assay kit
(Chembio Diagnostic systems, INC, USA). All children
below 18 months who had a positive serology test were
sent for an HIV DNA/PCR test done at the hospital’s HIV
clinic. Plasma was obtained by centrifuging at 1300–2200
G for 10 minutes then stored at -80oC until shipped on
dry ice to the University of Copenhagen, Department of
Nutrition, Exercise and Sports, Denmark. Plasma C-
reactive protein (CRP) was measured by high sensitive kit
on an ABX Pentra 400 (Horiba, Montpellier, France).

Thymus gland measurement
The dependent variable was thymus size, measured by
ultrasound scan. Ultrasound scan of the thymus gland
was done on the second day of admission by one of the
two pediatricians on the study who were trained before
the study began.
Scans took place at the MNU ward in a well screened-

off bed to provide darkness for better visibility. Attempts
were made to keep the children calm during the proced-
ure. An ultrasound scanner (SonoScape A6 Guangdong,
China) with a pediatric abdominal probe (curved) was
used. The procedure was done with the child lying on
the back or in the mother’s lap as shown in Fig. 1.

The sagittal area was obtained by placing the transducer
at 90 degrees to the upper sternum where the thymus was
visualized as having a homogeneous echogenicity, similar
to that of the liver and spleen as shown in Fig. 2. The cir-
cumference of the largest lobe of the thymus was tracked
and the area measurement recorded. All measurements
were done in duplicate, and the average of the two mea-
surements used. One investigator (NNB) carried out about
96% of the scans.
Sample size of 400 was calculated for the RCT from

which this study was derived.

Data analysis
Data was double-entered in EpiData v.3.1 (EpiData,
Odense, Denmark) and analyzed using STATA version 2
(College Station, TX, USA). Means and medians were
calculated for continuous variables. Cross tabulations
were made and the Chi Square test was used for the
categorical variables and t-test used to compare means
between children with SAM and healthy controls. One
child with SAM had an abnormally large thymus of
5.11 cm2 and was removed from the analysis because he
was suspected to have a lymphoma. Three children who
had an invisible thymus were allocated half of the smal-
lest visible thymus size and included in the analysis. The
11 children with SAM and 3 community reference chil-
dren who missed having an Ultrasound scan were elimi-
nated from the analysis. A linear regression model was
used to determine factors associated with thymus size
among SAM children. Univariate analysis for correlates
of thymus size was done first, then each variable was
controlled for age and sex. Those with p-value < 0.05
were considered to be statistically significant.

Fig. 1 Position for ultrasound scan (original picture) Fig. 2 Ultrasound scan of a child with SAM
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Results
Among 400 children with SAM, the mean age was 17 ±
8.5 months and 58% were boys (Table 1). The 30 healthy
controls were older than the children with SAM (P =
0.001), and more likely to be breastfed (P = 0.001).
Oedematous SAM was present in 66% (N = 263) of the
children with SAM (Table 2), and 11% (N = 43) were
confirmed to be HIV infected.
Thymus scans were done in 389 (97%) children

with SAM and 27 controls. Almost all children with
SAM [386 (99%)] and all the healthy controls were
found to have visible thymus. The mean thymus
gland size among 388 children with SAM was 1.06
(± 0.41) cm2 compared to 4.20 (± 0.93) cm2 among
healthy controls. After adjustment for age, the mean
thymus size was 3.14 (2.9; 3.4) cm2 lower in SAM
children (P < 0.0001).
Correlates of thymus size are summarized in Table 3.

Positive correlates included current breastfeeding [β
0.14, 95% CI (0.01, 0.26)], suspected tuberculosis at
admission [β 0.12, 95% CI (0 0.01; 0.22)], all anthropo-
metric measurements at admission, including MUAC
[β 0.03, 95% CI (0.0003; 0.06)], WHZ [β 0.03, 95% CI
(0.04; 0.06)], weight [β 0.06, 95% CI (0.02; 0.09)],
length [β 0.02, 95% CI (0.004; 0.03)] and length-for-
age Z scores [β 0.05, 95% CI (0.02; 0.08)]. On the other
hand, sickness for 2 weeks or more appeared to be
negatively correlated with thymus size [β -0.10; 95%
CI (-0.19; -0.01)].

Discussion
Our study found the mean thymus gland size among
388 children with SAM was 1.06 (± 0.41) cm2 compared
to 4.20 (± 0.93) cm2 among healthy controls. The factors
which were positively associated with thymus size were
current breastfeeding, suspected tuberculosis at admission
and all anthropometric measurements at admission while
sickness for 2 weeks or more appeared to be negatively
correlated with thymus size The children with SAM had
severe thymus atrophy as has been reported by several
studies involving this population [5–8]. Our measure-
ments were similar to another study which found a mean
thymus area of 1.3 cm2 in SAM, and 3.5 cm2 in healthy
children [5]. The slight difference in these studies can be
explained by inter-observer differences, which make it

Table 1 Socio-demographic and anthropometric characteristics
of 400 SAM children and 30 healthy controls

SAM1

N = 400
Healthy
controls1,
N = 30

p

Male sex 230 (58) 18 (60) 0.78

Age, months 17 (± 8.5) 27 (± 13.5 ) < 0.001

Anthropometry

Mid-upper-arm circumference, cm 11.6 (± 1.5) 15.2 (± 1.3) < 0.001

Weight-for-height/length Z-scores -2.6 (± 1.5) 0.6 (± 1.1) < 0.001

Height/length-for-age Z-scores -3.1 (± 1.4) -1.2 (± 1.8) < 0.001

Birth weight, kg 3.3 (± 0.82) 3.6 (± 0.7) 0.23

Breastfed

Currently 54 (14) 12 (40) 0.001

Maternal factors

Lives with child 317 (81) 25 (83) 0.26

Education a 211(54) 12 (40) 0.30

Married/cohabiting 212 (55) 23 (77) 0.01

HIV positive 109 (34) 2 (6) < 0.001
1Presented as frequencies (%) or as mean (± standard deviation) For some
categorical variables, numbers do not add up due to missing data. a Mother’s
education is ≤ completed primary school

Table 2 Clinical and laboratory characteristics of 400 SAM
children

Na

Clinical presentation

History

Sick for > 2 weeks 260 (65)

Severity of sickness VAS b 6 (± 2)

Fever 211 (53)

Cough 262 (66)

Examination

Oedema 263 (66)

Oral thrush 84 (21)

Dermatosis 27 (7)

Diagnosis

Diarrhoea 244 (61)

Pneumonia 68 (17)

Suspected tuberculosis 76 (19)

Suspected septicaemia 96 (24)

HIV status

Positive 43 (11)

Exposed, negative 72 (18)

Unexposed, Negative 252 (63)

Blood tests

C-Reactive Protein, mg/l (N = 352)

< 5 92 (26)

5–15 80 (23)

> 15 180 (51)

Leucocytes, x109/L (N = 298)

Total lymphocytes 6 (± 2.9)

Total neutrophils 5 (± 5.0)

Haemoglobin, g/dl (N = 298) 9 (± 2.2)
a Data presented as frequencies (%) or as mean (± standard deviation). For
some categorical variables, numbers do not add up due to missing data.
b Evaluated by the child’s caregiver on a visual analogue scale from 0 to 10
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Table 3 Linear regression of correlates of thymus area at admission among 388 children with SAM
Univariate regression Age and sex adjusted regression

N a β (95% CI) b p β (95% CI) b p

Male sex 388 0.01 (-0.07; 0.10) 0.79 0.01 (-0.07; 0.10) 0.78

Age, months 388 0.001(-0.004; 0.01) 0.76 0.001 (-0.004; 0.01) 0.75

Anthropometry at admission

Weight, kg 382 0.03 (0.01; 0.06) 0.01 0.06 (0.02; 0.09) 0.001

Length, cm 379 0.01 (1.03; 0.01) 0.05 0.02 (0.004; 0.03) 0.01

MUAC, cm 382 0.03 (0.001; 0.06) 0.046 0.03 (0.0003; 0.06) 0.048

Weight-for-length, z-score 380 0.03 (0.01; 0.06) 0.02 0.03 (0.04; 0.06) 0.02

Length-for-age, z-score 380 0.04 (0.01; 0.07) 0.02 0.05 (0.02; 0.08) 0.003

Clinical history

Severity of sickness VASc 387 -0.01 (-0.03; 0.01) 0.49 − 0.01 (-0.03; 0.01) 0.47

Sick for > 2 weeks 377 -0.10 (-0.19; -0.01) 0.03 -0.10 (-0.19; -0.01) 0.03

Cough 387 0.02 (-0.06; 0.11) 0.60 0.02 (-0.06; 0.11) 0.60

Fever 387 -0.003 (-0.09; 0.08) 0.95 -0.003 (-0.09; 0.08) 0.95

Examination

Oedema 388 -0.06 (-0.15; 0.03) 0.19 -0.06 (-0.15; 0.03) 0.16

Skin hypopigmentation 388 -0.04 (-0.13; 0.04) 0.34 -0.04( -0.13; 0.04) 0.33

Dermatosis 388 -0.15 (-0.31; 0.01) 0.07 -0.15 (-0.31; 0.01) 0.07

Hair depigmentation 383 -0.10 (-0.19; 0.001) 0.05 -0.10 (-0.20; 0.0002) 0.05

Oral thrush g 387 0.01 (-0.09; 0.11) 0.80 0.01 (-0.09; 0.11) 0.80

Diagnosis

Diarrhoea 387 -0.03 (-0.12; 0.05) 0.48 -0.03 (-0.12; 0.06) 0.50

Pneumonia 388 0.04 (-0.07; 0.22) 0.49 0.04 (-0.07; 0.15) 0.49

Suspected tuberculosis 388 0.12 (0.01; 0.2) 0.03 0.12 (0 0.01; 0.22) 0.03

Suspected septicaemia 386 0.08 (-0.02; 0.18) 0.12 0.08 (-0.02; 0.18) 0.12

Child HIV status 367

Negative - - - -

Positive -0.08 (-0.22; 0.05) 0.21 -0.08 (-0.22; 0.05) 0.22

Exposed, negative -0.01 ( -0.12; 0.10) 0.80 -0.01 ( -0.12; 0.10) 0.80

C-reactive protein, mg/L 343

< 5 - - - -

5–15 -0.01 (-0.14, 0.11) 0.85 -0.01 (-0.14, 0.11) 0.85

> 15 -0.03 (-0.14, 0.08) 0.60 -0.03 ( -0.14, 0.08) 0.59

Leukocytes, X109/L,

Neutrophils > 9 293 0.13 (-0.02; 0.28) 0.08 0.13 (-0.02; 0.28) 0.08

Lymphocytes > 10 293 0 0.12 (-0.05; 0.30) 0.17 0.13 (-0.05; 0.30) 0.16

Haemoglobin, g/dl 292 -0.001 (-0.03; 0.02) 0.96 -0.001 (-0.03; 0.02) 0.97

Breastfed 384

Previously - - - -

Currently 0.13 ( 0.01, 0.25) 0.04 0.14 ( 0.01, 0.26) 0.03

Never -0.09 ( -0.37; 0.18) 0.50 -0.09 ( -0.37; 0.18) 0.50

Mother

Lives with child 388 0.09 (-0.02; 0.19) 0.11 0.09 (-0.02; 0.19) 0.10

Education: 384

Post primary - - - -

≤primary 0.06 (-0.03; 0.14) 0.19 0.05 (-0.03; 0.14) 0.20

N a: number of observations included in analysis. β = beta coefficient b (95% confidence interval) and P = p-values. c Evaluated by the child’s caregiver on a visual
analogue scale from 0 to 10
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difficult to compare sizes. Although thymus size is usually
measured using thymic index (multiplying the transverse
diameter by the sagittal area), thymus area is also an
acceptable method and has been used in other studies
involving children with SAM [5–7].
The mechanism of thymus atrophy in SAM is not fully

understood. Animal studies suggest that hormonal fac-
tors play a role. Thymus growth and function is regu-
lated by several hormones including Leptin, Prolactin
and Growth hormone, mediated by insulin-like growth
factor 1, all of which are low in malnutrition [20]. In
addition, zinc deficiency which is rampant in SAM has
been suggested to contribute to thymic atrophy [4].
Infections have also been found to contribute to thymic
atrophy [21], but it is not clear whether they are the
cause or consequence.
Children who were breastfed at the time of study had

a larger thymus when controlled for age. Some other
studies involving children, who are not malnourished
also report that breastfeeding children have a bigger
thymus [14, 22, 23]. Cytokines like IL-7 present in breast
milk are vital for development of the thymus and hence
age related thymic atrophy is associated with low IL-7
[24]. It has been hypothesized that the increased IL-7 in
their mothers’ milk could be responsible for the bigger
thymus since the thymus was bigger in infants whose
mothers had higher IL-7 in their milk during the harvest
season in Gambia [25]. In addition, all anthropometric
measurements were positively correlated to thymus area.
This is similar to other studies among non-malnourished
children [14, 24] and SAM children [5]. Children who had
been sick for ≥ 2 weeks had a smaller thymus. The delay be-
tween disease onset and thymus atrophy likely reflects that
thymus atrophy takes time to develop. Another post-
mortem study among 234 fetuses and young children simi-
larly found that among prenatal patients, thymus weight
was related to the duration of acute illness [26], and thymus
size has been used to determine duration of illness by
pathologists. Children with suspected tuberculosis at ad-
mission had a larger thymus in our study. This is an unex-
pected finding, and its significance remains unclear.
Literature suggests that enlarged mediastinal lymph nodes
could not be easily distinguished from the thymus [27], and
this could have been the case in our study. Although HIV
is known to cause thymus atrophy by direct destruction of
thymocytes [28], it was not associated with thymus size in
our study. This was unexpected since only 14/43 were
receiving antiretroviral treatment at admission.
The main strength of our study is that we had large

numbers of well-characterized children with SAM and
the thymus scans were almost exclusively performed by
one trained investigator (NNB). One limitation is that
we used clinical diagnosis of suspected tuberculosis and
septicemia, which were subjective methods and yet the

former was a positive correlate. Furthermore, since the
study was observational, we are unable to establish caus-
ality. It remains unclear whether thymus atrophy is a
cause or effect of malnutrition. This calls for a prospect-
ive study looking at children who are at risk of malnutri-
tion. Considering the large sample size, these results are
generalizable to children with SAM in similar settings.
Future research should look at how thymus size predicts
function using T cell receptor excision cycles.

Conclusions
In conclusion, our study found that children with SAM
had severe thymic atrophy. Children with higher an-
thropometric measurements and those who were breast-
fed had a bigger thymus. Breastfeeding should continue
to be promoted since it may have current immune-
modulating effects even among children with SAM.
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