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ABSTRACT: 

Thiamine deficiency may be associated with severe acute malnutrition (SAM) and contribute to its 

clinical signs and complications. This hospital-based prospective study aimed to determine if thiamine 

deficiency is present in children with SAM in Port Moresby General Hospital (PMGH). Convenient 

sampling was used to select 208 children aged between 2 months and 13 years (median age 15 and 

IQR 11-32 months) presenting to the Children’s Emergency Department requiring venepuncture for 

routine testing who had additional blood taken for assay of thiamine levels. Nutritional status was 

determined using the WHO weight for height (WFH) z-scores. Details of socioeconomic background 

and diet were recorded. Thiamine levels were determined using enzyme-linked immunosorbent assay 

(ELISA) test kits. A total of 158 (76%) of the 208 samples were satisfactory for analysis; 86 (54%) from 

children with normal WFH, 26 (17%) from those with moderate malnutrition and 46 (29%) from those 

with severe malnutrition. Thiamine levels were normally distributed overall. The mean was 34.18  5.8 

ng/ml. This was within the reference level of 16-48ng/ml. There was no statistically significant difference 

in levels between the normal, moderately and severely malnourished children (33.6  5.6, 35.3  5.7 

and 34.4  5.7 ng/ml). The assay of thiamine levels in serum using ELISA is not the best method for 

determining thiamine deficiency and further studies using whole blood and high-performance liquid 

chromatography are needed. 
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INTRODUCTION: 

Severe acute malnutrition (SAM) in children 

under 5 years of age was the second 

commonest cause of admission to hospitals in 

Papua New Guinea (PNG) in 2019. It was 

either a direct cause of admission or an 

associated morbidity in 8.1 % of children with a 

case fatality rate of 10.4% [1]. 

SAM is defined by a very low weight for height 

(<-3 z-scores of the median WHO growth 

standards) and/or by presence of nutritional 

oedema (kwashiorkor; defined as bilateral 

pitting oedema) [2].  SAM is caused by 
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macronutrient deficiency, although 

micronutrient deficiency is almost always 

present as well [3]. Heart failure, shock, 

metabolic disturbances, sepsis, and severe 

oedema are common complications [4,5].  

Thiamine (vitamin B1), a water-soluble vitamin 

is an essential micronutrient. In its active form 

thiamine diphosphate (also known as thiamine 

pyrophosphate or TPP) functions as a vital co-

factor to several important enzymes in cellular 

metabolism [5] and its deficiency may well 

contribute to the complications of severe 

malnutrition like heart failure, sepsis, oedema, 

and refeeding syndrome commonly seen in 

PNG. Although the prevalence of thiamine 

deficiency is not well documented worldwide, 

studies done in Jamaica and Ghana showed 

thiamine deficiency in 37% and 40% of 

malnourished children respectively [6,7]. A 

study from Cambodia reported a prevalence of 

thiamine deficiency of 38% in children aged 6-

12 months using the most conservative cut off 

level [8]. In contrast malnutrition was not 

associated with low thiamine levels in a study 

of children admitted to an intensive care unit in 

Brazil [9].   

In PNG, thiamine deficiency was documented 

in 6% of boarding school children in the 

southern region [10].  No studies have been 

done to document thiamine levels in 

malnourished children in PNG.  

 

This study aimed to determine the thiamine 

levels in severely malnourished children 

admitted to Port Moresby General Hospital 

(PMGH). This is important because if thiamine 

deficiency is common this will have implications 

for the standard management of children with 

SAM.  

 

METHODOLOGY: 

This was a prospective descriptive hospital-

based study carried out at the PMGH 

Paediatric Department. This hospital is a 

tertiary referral hospital, receiving referrals from 

other provincial centres as well as the National 

Capital District (NCD), Central and Gulf 

provinces.  PMGH admits over 4200 children 

per year. 

Children between 2 months and 13 years of 

age were enrolled by convenience sampling at 

presentation to the Children’s Emergency 

Department. Those who had SAM who were 

already on ready to use therapeutic food 

(RUTF) and/or milk feeds (F75 or F100) that 

contain thiamine were excluded from the study.   

On presentation, each child had anthropometric 

measurements of weight, height or length, mid-

upper arm circumference, and head 

circumference taken [11].  

The nutritional statuses of the children were 

determined using the WHO Anthro Calculator 

for children less than 2 years of age, and the 

standard WHO Weight for Height Charts for 

children above 2 years [11,12]. They were then 

categorized as normal, moderate malnutrition 

or SAM:  

 Normal: a WFH/L between -2 & +2SD  
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 Moderate malnutrition: a WFH/L 

between -2 & -3SD is moderate 

malnutrition 

 SAM: a WFH/L <-3SD, and/or 

presence of oedema 

 

Written informed consent to participate in the 

study was obtained from the parent or 

guardian. A questionnaire was used to collect 

their demographic details including a dietary 

history based on the food consumed in a typical 

day. Clinical findings such as skin and hair 

changes were recorded.  The maternal 

consumption of substances potentially 

interfering with their children’s thiamine levels 

was also noted.  

 

Venous blood was collected from the child 

during cannulation or when routine investigative 

blood tests were done for the child. None of the 

children had venepuncture done separately or 

only for the purpose of this study.  

For the assay of thiamine, 1.5-2ml of venous 

blood was placed in a plain sterile labelled 

microtainer. The blood was allowed to clot 

before being placed in a microtainer-box inside 

a cool-box kept at a temperature of 4-8 degrees 

C and transported to the Micronutrient 

laboratory. The blood samples were centrifuged 

for 10 minutes at about 10 degrees Celsius. 

Each serum sample was separated into a 

properly labelled sterile eppendorf vial which 

was securely closed and stored at -20 degrees 

C until analysis. 

Thiamine levels in serum were assayed using 

the Aviva Systems Biology Vitamin B1 Enzyme-

Linked Immunosorbent Assay (ELISA) kits [13].  

Data was entered into a Microsoft Excel 

spreadsheet and descriptive statistics 

determined using Stata V.14 and IBM SPSS 

statistical software.  

 

Ethical clearance was given by the University of 

Papua New Guinea (UPNG) School of 

Medicine and Health Sciences (SMHS) 

Research and Ethics Committee and the study 

was approved by the PMGH Director of Medical 

Services  

 

RESULTS: 

A total of 208 patients aged between two 

months and 13 years (median age 15 and IQR 

11-32 months) were recruited for this study 

between June and August 2021. The 208 

adequately documented blood samples were 

sent to the micronutrient laboratory. Of the 208 

serum samples obtained, 50 samples were 

deemed unsuitable for analysis due to various 

reasons (insufficient and/or hemolysed 

samples).  

Of the 158 serum samples 54.4% (n=86) were 

from normally nourished children, and 16.5% 

(n=26) from children with moderate malnutrition 

(z-score between -2 & -3 SD), and 29.1% 

(n=46) from children with SAM. The median 

(IQR) age of the 158 children was 15.5 (12-36) 

months. Sixty five (median age 12 [9-16] 

months) were receiving breast milk. The 
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median age of the 93 not receiving breast milk 

was 24 (12-48) months. 

The overall mean serum thiamine level in the 

158 children was 34.1ng/ml and standard 

deviation (SD) was 5.7ng/ml (minimum 20ng/ml 

and maximum 49ng/ml).  The summary 

statistics of the thiamine levels in serum from 

children in the three groups are presented in 

Table 1. There was no statistically significant 

difference in thiamine levels between the three 

groups.

  

 

 

Table 1: Serum thiamine levels (ng/ml) in normally nourished, moderately malnourished, 

and severely malnourished children 
 

Parameters  Normal status 

(N = 86) 

Moderate status 

(N = 26) 

Severe status 

(N = 46) 
Mean 33.6 35.3 34.4 

SD (Standard deviation) 5.6 5.7 5.7 

95% CI (Confidence Interval) 32.4- 34.8  33.0 – 37.6  32.7 – 36.8 

Range  20.1 – 48.1  26.2 – 47.1  25.6 – 49.0  

Median 33.8 34.2  34.0 

IQR (Interquartile range) 29.7 – 36.7  31.6 – 39.1  29.0 – 37.1  

 

 

141 (89%) of the 158 children were living in the 

Port Moresby suburban area and 88 (56%) 

were males.  

The mean thiamine levels in the severely 

malnourished children were similar in those 

breast feeding (33.9  5.0ng/ml) and not 

breastfeeding (34.7  6.3ng/ml). The solid diet 

mostly consisted of vegetables, fruits, washed 

white rice, and some animal protein when 

available. Fortification of all rice sold in PNG is 

a legal requirement. Cooking practices most 

often involved washing the white rice before 

cooking - a practice that results in significant 

loss of the fortificants in white rice, which 

include thiamine. None of the mothers 

practiced changing of rice water during the rice-

cooking process.  

 

The family’s consumption of different foods on 

a typical day and the thiamine levels of the 

children regardless of their nutritional status are 

shown in Table 2. The serum thiamine levels 

are similar. Thiamine levels are within the 

normal reference range regardless of diet. 
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Table 2: Mean serum thiamine levels in children from families that consumed and 

those that did not consume food items listed on a typical day 
 

 Consumed Not Consumed 

 N = 158 

Food Items N (%) Thiamine 
(ng/ml) 

N (%) Thiamine 
(ng/ml) 

Fruits 110 (69.6) 34.10 48 (30.4) 34.02 
Vegetables 131 (82.9) 33.88 27 (17.1) 35.03 
Unwashed rice 102 (64.6) 33.71 56 (35.4) 34.76 
Washed rice 31 (19.6) 34.05 127 (80.4) 34.09 

Brown rice 3 (1.9) 32.42 155 (98.1) 34.11 
Meat 14 (8.9) 35.23 144 (91.1) 33.97 
Fish 48 (30.4) 33.86 110 (69.6) 34.18 
Eggs 89 (56.3) 34.07 69 (43.7) 34.09 

Biscuits 118 (74.7) 33.86 40 (25.3) 34.13 
Processed snacks 54 (34.2) 33.65 104 (65.8) 34.30 

 

 

Most of the mothers (95%, n=150) in this study 

chewed betelnut on a daily basis some up to or 

more than 5 betel nuts in a day. A large 

proportion of these mothers drink 1-2 cups of 

strong tea or coffee in a day (95%, n=150).  In 

our sample, there were no significant effects of 

these consumption practices in mothers on 

thiamine levels in their children; however the 

comparator samples were small.  

None of the children had clinical signs of 

beriberi or thiamine deficiency on admission.  

 

DISCUSSION: 

Several thiamine reference ranges have been 

published [7-9], with different metrics and 

measurement methods – including erythrocyte 

transketolase pyrophosphate effect, erythrocyte 

thiamine diphosphate concentrations, and 

whole blood thiamine level.  Our study found 

the mean (SD) serum thiamine level in the 158 

children was 34.18 (5.8) ng/ml (minimum 20.1, 

maximum 49.3).  This was within the reference 

range for whole blood thiamine levels used in 

the Brazilian study using a high-performance 

liquid chromatography (HPLC) assay on whole 

blood: 16–48 ng/mL [9]. 

In our population sampled there was no 

difference in serum thiamine levels between 

well-nourished and severely malnourished 

children and all levels found were within the 

normal range. However, it is important to 

understand a major limitation of our study - that 

we measured the levels of thiamine detected by 

an ELISA assay on serum. This is not the ideal 

assay method and has a poor sensitivity [14 - 

16]. Less than 10% of whole blood thiamine is 

contained in plasma [14 - 16] and plasma 

thiamine concentration reflects recent intake 
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rather than body stores. Whole blood thiamine 

assay method is more accurate, as 90% of 

thiamine in the body is in the form of thiamine 

diphosphate (TDP) in red blood cells. This is 

ideally measured by HPLC, which is expensive 

and was not readily available [14]. 

To our knowledge, there have been no other 

studies of thiamine levels in serum using 

ELISA. In studies from Jamaica reporting 

subclinical thiamine deficiency in 7% of normal 

children and 37% of malnourished children and 

from Ghana which reported thiamine deficiency 

in 40% of malnourished children, the 

erythrocyte transketolase assay was used [6,7]. 

A Brazilian study using HPLC to measure 

whole-blood thiamine concentrations in children 

admitted to an intensive care unit found no 

association of low thiamine levels with 

malnutrition [9]. There was however an 

association with levels of C-reactive protein, an 

inflammatory marker.  An ultra-HPLC assay 

was used to measure thiamine levels in red 

cells in the Cambodian study which reported 

low thiamine levels in 38% of malnourished 

children aged between 6-12 months [8].  

Accurate measurement of thiamine levels is 

clearly difficult and it is perhaps not surprising 

that there is a scarcity of literature on the 

subject. Thiamine deficiency is generally 

diagnosed based on the classical clinical 

findings but the relation of subclinical thiamine 

levels to the morbidity and mortality associated 

with malnutrition remains unclear. 

 

Betel nut, strong tea and coffee are known to 

contain thiaminase with the potential to lower 

thiamine levels [17]. Betel nut chewing is a 

common social habit in PNG. Our study was 

not designed to examine the effect of these 

thiaminase containing substances on the levels 

of thiamine in breast milk and the children of 

breast feeding mothers.  

 

Whilst acknowledging that the method used for 

measurement of thiamine levels was not ideal, 

none of the children exhibited clinical signs of 

thiamine deficiency. It is known that increased 

intestinal reabsorption of thiamine takes place 

under deficient conditions [18]. This mechanism 

may be operating in our study population. It is 

also possible that the diet in this predominantly 

urban population provides adequate amounts 

of thiamine. However, in the only other study of 

thiamine levels in the PNG population, 6.4% of 

boarding school students had marginal to 

severe deficiency detected with HPLC 

measurement of thiamine pyrophosphate in 

whole blood [10]. 

 

CONCLUSION: 

Our study which used an ELISA assay for 

measuring thiamine levels in serum did not 

show a difference in levels between normally 

nourished and severely malnourished children. 

This was unexpected, and since thiamine 

deficiency has both subclinical and clinical 

adverse effects and is easily treatable, further 
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studies using different methodology are 

indicated.  

 

REFERENCE: 

1. PNG National Department of Health 

CHAC. Annual Child Morbidity and 

Mortality Reports, 2019 

http://pngpaediatricsociety.org/reports/

annual-childmorbidity-and-mortality-

reports-2010. 

2. World Health Organization. Hospital 

Care for Children: guidelines for the 

management of common illnesses with 

limited resources. World Health 

Organization. Geneva: WHO, 2013:2. 

ISBN 789241548373 

3. Severe acute malnutrition 

https:/apps.who.int/nutrition /topics 

/severe_ malnutrition /en/index.html 

4. Robert M. Kliegman and Joseph St. 

Geme. Thiamine (Vitamin B1), Nelsons 

Textbook of Pediatrics, 21st Edition 

www.mea.elsevierhealth.com/nelson-

textbook-of-pediatrics-2-volume-set-

9780323529501.html 

5. Hiffler L, Rakotoambinina B, Lafferty N 

and Martinez Garcia D (2016) 

Thiamine Deficiency in Tropical 

Pediatrics: New Insights into a 

Neglected but Vital Metabolic 

Challenge. Front. Nutr. 3:16. doi: 

10.3389/fnut.2016.00016 

6. Hailemariam B, Landman JP, Jackson 

AA. Thiamine status in normal and 

malnourished children in Jamaica. Br J 

Nutr (1985) 53 (3) :477–83. 

doi:10.1079/BJN19850057 

7. Neumann CG, Swendseid ME, Jacob 

M, Stiehm ER, Dirige OV. Biochemical 

evidence of thiamine deficiency in 

young Ghanian children. Am J Clin 

Nutr (1979) 32(1):99–104. 

8. Whitfield KC, Smith G, Chamnan C, 

Karakochuk CD, Sophonneary P, 

Kuong K. (2017) High prevalence of 

thiamine (vitamin B1) deficiency in 

early childhood among a nationally 

representative sample of Cambodian 

women of childbearing age and their 

children. PLoS Negl Trop Dis 11(9): 

e0005814. https://doi.org/10.1371/ 

journal.pntd.0005814 

9. Lima LF, Leite HP, Taddei JA. Low 

blood thiamine concentrations in 

children upon admission to the 

intensive care unit: risk factors and 

prognostic significance. Am J Clin Nutr. 

2011 Jan; 93 (1) :57-61. doi: 

10.3945/ajcn.2009.29078. Epub 2010 

Nov 10. PMID: 21068344. 

10. Temu P, Temple VJ, Saweri A, Saweri 

W. Thiamine (vitamin B1) status of 

boarding school students in the 

Southern Region of Papua New 

Guinea. PNG Medical Journal 2009; 

52(1/2): 21-7. 

11. WHO-Anthro for personal computers, 

version 3.2.2, 2011: Software for 

assessing growth and development of 

world's children. Geneva: WHO, 2010 

www.who.int/childgrowth/software/en/. 

12. WHO Child Growth Standards: length 

/height-for-age, weight-for-age, weight-

for-length, weight-for-height and body 

mass index-for-age. Methods and 

development; Geneva, Switzerland: 

World Health Organization, 2006. 

www.who.com. 

13. VB1 ELISA Kit (All) (OKEH02610) 

v1.0; Aviva Systems Biology, Corp. 

Ronson Road, Suite 100, San Diego, 

CA 92111, USA. Technical support: 

techsupport@avivasysbio.com 

14. Thiamine(VitaminB1),www.mayoclinicl

abs/testcatalog/Clinical+and+Interpreti

ve 142356 



Pacific Journal of Medical Sciences, Vol. 22, No. 2, February 2022                                                  ISSN: 2072 – 1625 

  

38 
 

15. Talwar D, Davidson H, Cooney J, St 

JO’Reilly D. Vitamin B1 status 

assessed by direct measurement of 

thiamin pyrophosphate in erythrocytes 

or whole blood by HPLC: comparison 

with erythrocyte transketolase 

activation assay. Clin Chem 

2000;46:704–10.  

16. Robert W. Korner, Carsten Muller, 

Bernhard Roth and Anne Vierzig. 

Thiamine status of premature infants 

assessed by measurement of thiamine 

diphosphate in whole blood. British J of 

Nutrition (2013), 109, 2182–2189 

doi:10.1017/S0007114512004357.  

17. Vimokesant SL, Hilker DM, Nakornchai 

S, Rungruangsak K, Dhanamitta S. 

Effects of betel nut and fermented fish 

on the thiamine status of northeastern 

Thais. Am J Clin Nutr (1975) 

28(12):1458–63. 

18. Rindi G, Laforenza U. Thiamine 

intestinal transport and related issues: 

recent aspects. Proc Soc Exp Biol Med 

2000; 224(4):246-55. doi: 

10.1046/j.1525-1373.2000.22428.x  

 


