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Neonatal sepsis is a clinical syndrome characterized by signs 
and symptoms of infection with or without bacteremia in 
neonatal age. The incidence of neonatal sepsis in India 

is 38 per 1000 live births according to the data obtained from the 
National Neonatal Perinatal Database [1]. It is classified into two 
types depending on the time of onset of symptoms: Early onset of 
sepsis (EOS) which presents within the first 72 h of life and late 
onset of sepsis (LOS) that occurs after 72 h of life [2].

Many neuroendocrine changes take place during critical 
illness; however, reports of these changes in neonatal sepsis are 
limited. Thyroid hormones play an important role in the adaptation 
of metabolic function to stress, regulation of the metabolic 
homeostasis, and critical illness. Although the exact cause of 
alteration of thyroid hormones during sepsis is not known, it 
has been hypothesized that the immune system cells can affect 
systemic thyroid hormone activity. This activity may be attributed 
to the complex pathophysiological interplay between thyroid-
stimulating hormone (TSH) and the immune system [3,4]. The 
various lymphokines and monokines factors act as a marker in 

sepsis and can influence the hypothalamic-pituitary-thyroid axis 
modulating thyroid hormone levels [3,5].

Multiple studies have been performed in the recent past showing 
correlation of sepsis and thyroid hormones [6-12]. A study conducted 
by Kurt et al. showed a significant change in thyroid hormone levels 
before and after the treatment of neonatal sepsis with antibiotics [6]. 
Joosten et al. performed a study on children with meningococcal sepsis 
found that the children who do not survive meningococcal sepsis have 
an impaired adrenal response, altered thyroid hormones, and below 
normal reference values of T4, T3, rT3, and TSH levels [7].

The majority of the previous studies present in the literature 
have correlated LOS with T3, T4 hormone levels, or assay only, 
but in our study, we have included TSH, T3, and T4 along with 
fT3, and fT4 which are highly sensitive in the detection of thyroid 
hormone levels. Hence, the present study was conducted to find 
the relationship between thyroid profile and development of 
neonatal LOS in full-term neonates.

MATERIALS AND METHODS

This analytical prospective study was carried out in the 
neonatal intensive care unit of the Department of Pediatric 
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Medicine, Gandhi Medical College, Bhopal, over 12 months 
from May 2017 to April 2018. The approval was obtained from 
the Institutional Ethical Committee of Gandhi Medical College, 
Bhopal, before the start of the study. After explaining the nature, 
procedure, and purpose of the study, written consent was obtained 
from the parents/legal guardians of the neonates.

The cases included full-term neonates (gestational age 
>37 completed weeks) admitted with LOS between 72 h and 
28 days of life. Criteria for sepsis were neonates having positive 
septic screening. The various components of the septic screen 
included total leukocyte count (TLC) <4000/mm3 and >24,000/
mm3, absolute neutrophil count <1800/mm3, immature to the 
total neutrophil ratio (IT ratio) >0.2, elevated microerythrocyte 
sedimentation rate, and C-reactive protein (CRP) RP >6 mg/dl 
and/or neonates had any of body fluid culture positive (blood, 
cerebrospinal fluid, urine, etc.). All pre-term and post-term 
neonates, neonates with EOS, major congenital anomaly, birth 
asphyxia, and with a history of maternal thyroid hormone 
dysfunction were excluded from the study. Flowchart describes 
the protocol followed during the study (Fig. 1).

The sample size was calculated using the formula: n=(zα)2 

p(1-p)/d2, where, Zα is the confidence level at 95% (Zα=1.96 for 
95% CI) CI, p is the population proportion (p=13.5, taken from 
the previous studies), and d is the margin of error (5%). Based on 
the formula, a sample size of 195 was taken for the present study.

The data obtained from the subjects were recorded in a pre-
structured pro forma. Maternal data including maternal age, 
religion, socioeconomic status, last menstrual period, risk factors, 
and drug intake were obtained from the mother/legal guardians 
of the baby, and the medical records of the mother. A detailed 
natal and postnatal history including age at admission, gestational 

age, gender, type of feeding, pre-lacteal feeds, and presenting 
complaints of the neonates was also obtained. A thorough physical 
examination and systemic examination findings were noted for 
all the recruited neonates. The gestational age was assessed from 
the last menstrual period and the New Ballard score.

Relevant investigations were sent for all the neonates as 
per the hospital policy including hemoglobin, TLC, differential 
leucocyte count, CRP, blood culture, electrolytes, and random 
blood sugar. Other investigations such as chest X-ray, lumbar 
puncture, urine routine and microscopy, urine for fungal hyphae, 
urine culture, and arterial blood gas analysis were done when 
required. In all the included neonates, blood samples for septic 
profile and thyroid profile were taken before starting antibiotic 
therapy. Repeat thyroid profile was done 14 days after antibiotic 
therapy. Levels of T3, T4, TSH, fT3, and fT4 were compared in 
newborns before and after antibiotic therapy. All newborns were 
managed according to standard treatment guidelines [13].

The blood samples collected in the test tube were centrifuged; 
serum thus obtained was used to estimate T3, T4, and TSH. They 
were estimated by the chemiluminescence method (using the 
Immulite 1000 Immunoassay System-Siemens). The samples 
were sent to the laboratory for the estimation of serum TSH, 
T3, T4, fT3, and fT4, which was done by DPC IMMULITE 
chemiluminescent immunoassay [14]. Neonates who found to 
be hypothyroid were excluded from the study and treated for the 
hypothyroidism.

Statistical Analysis

The data obtained were entered into MS Excel spreadsheet; the 
results were expressed in mean±standard deviation (SD) for 

Figure 1: Flowchart describing the protocol followed during the study



Singh et al. Thyroid hormones and neonatal sepsis

Vol 8 | Issue 6 | June 2021 Indian J Child Health 227

continuous variables and as a percent (%) for categorical data. 
Observations were statistically analyzed using GraphPad Prism 
version 7.0. Unpaired and paired t-tests were used to denote 
statistical significance and p<0.05 was considered statistically 
significant.

RESULTS

A total of 195 cases were enrolled, out of which, 51.2% were 
male and 48.8% were female. Most of the neonates (35.9%) were 
between 7 and 10 days of age and most of them (67.7%) had 
birth weight between 1.5 and 2.5 kg. Out of total cases, 40% were 
on exclusive breastfeed (EBF). The age of most of the mothers 
(50.2%) was between 20 and 25 years and the percentages of 
neonates born with institutional delivery and home delivery 
were 67% and 33%, respectively. The maximum numbers of the 
patients presented with a chief complaint of refusal to feed or 
poor feeding (32.3%). The demographic variables of the neonates 
and their mothers are shown in Table 1.

The thyroid profile was performed before antibiotic therapy 
in all 195 subjects. Due to the death of 25 neonates under the 
study before completion of 14 days of antibiotic therapy, only 
170 neonates could be followed up for TFT after antibiotic 
therapy. The mean values of TSH, T3, T4, fT3, and fT4 before 
starting antibiotic therapy were 5.29±2.11 µg/ml, 94.4±44.4 ng/
dl, 7.25±2.72 µg/dl, 1.84±0.9 pg/ml, and 1.43±0.458 µg/dl, 
respectively. After completion of antibiotic therapy, the values 
were 9.19±1.63 µg/ml, 185.3±44.53 ng/dl, 13.29±10.24 µg/dl, 
3.60±0.89 pg/ml, and 2.54±052 µg/dl, respectively. The p-value 
for all hormones was <0.0001; hence, the difference between the 
mean thyroid indices before and after antibiotic treatment was 
statistically significant (Table 2).

Blood culture was done for all the patients. Staphylococcus 
aureus (15.39%) and Streptococcus (15.39%) were found 
to be the most common organisms for LOS. It was found that 
43 (22%) septic organisms were culture negative. Two cases 
(1.03%) were positive for fungal sepsis (Table 3). The mean 
thyroid indices were also compared between culture-positive and 
culture-negative groups. The mean values (TSH, T3, T4, fT3, 
and fT4) for culture-positive neonates group were 5.21±2.18 µg/
ml, 92.93±43.82 ng/dl, 7.18±2.71 µg/dl, 1.81±0.9 pg/ml, and 
1.42±0.45 µg/dl, respectively, while for culture-negative neonatal 
septic subjects group, the mean values of TSH, T3, T4, fT3, and 
fT4 were 5.56±1.82 µg/ml, 99.83±46.43 ng/dl, 7.51±2.79 µg/dl, 
1.94±0.91 pg/ml, and 1.48±0.47 µg/dl, respectively. We observed 
no statistical significance between both the groups (Table 4).

DISCUSSION

The present study was conducted to investigate the relationship 
between thyroid profile (TSH, T3, T4, fT3, and fT4) and LOS 
in the 195 full-term neonates. Neonates presenting with EOS 
were excluded from the study to rule out the impact of maternal/
perinatal factors on the development of sepsis.

There are two biologically active thyroid hormones: Thyroxine 
(T4) and 3,5,3’-triiodothyronine (T3) [5]. In normal fetuses, 
concentrations of TSH, thyroxine-binding globulin, and thyroid 
hormones increase progressively during intrauterine life. A surge 
in the serum TSH is seen at 30 min after delivery (up to 60–70 
µU/L). Within 1–7 days of the newborn, the concentration of TSH 
reaches 1–39 µU/ml which dropped to 0.5–6.5 µU/ml between 8 
and 28 days. In the 1st postnatal week, the T4 serum levels reach 
concentrations (9–22 µg/dl) that are higher than at any other time 
of life as between 8 and 28 days, the concentration dropped to 
8.2–17 µg/dl. The levels of T3 are in the range of 36–316 ng/
dl within a week of delivery which can rise till 105–346 ng/dl in 
between 8 and 28 days. In between 1 and 7 days of newborn, the 
concentration of FT3 and FT4 is 1.3–6.1 pg/ml and 2.2–5.3 ng/dL 
which reaches to 2.2–8 pg/ml and 0.9–2.3 ng/dL at 8–28 days of 
newborn, respectively [2,4,3,14].

In the present study, a maximum number of cases belonged 
to the category of low birth weight (LBW) babies, that is, 
1.5–2.5 kg (67.69%). The higher prevalence of LBW babies 
in the study group can be explained as LBW is a known risk 

Table 1: Demographic variables of the neonates and their mothers 
(n=195)
Variables total (n=195) %
Age

3–7 days 49 25.1
7–10 days 70 35.9
10–15 days 18 9.2
>15 days 58 29.8

Gender
Males 100 51.2
Females 95 48.8

Birth weight
<1.5 kg 3 1.5
1.5–2.5 kg 132 67.7
More than 2.5 kg 60 30.8

Type of feeding
Exclusive breastfeed (EBF) 78 40.00
Mixed feed 83 42.56
Top feed 34 17.44

Maternal age
<20 years 75 38.46
20–25 years 98 50.26
>25 years 22 11.28

Mode of delivery
Institutional delivery 142 67
Home delivery 53 33

Presenting complaints
Abdominal distension 22 11.28
Convulsion 25 12.82
Excessive crying 21 10.77
Fever 13 6.67
Not excepting feeds 63 32.31
Dullness 15 7.69
Respiratory distress 36 18.46
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factor for the development of sepsis. We found an increase 
number of institutional delivery (67%) of neonates which 
can be correlated with the increased awareness and better 
health transport facilities in the community. The percentages 
of institutional deliveries and home deliveries in Madhya 
Pradesh as per the National Family Health Survey (NFHS-4) 
were 80.8 and 2.3%, respectively [15], which is almost similar 
to the findings of our study. Out of total cases, 42.56% were 
on EBF, while a higher number of cases (57.5%) were either 
on top feed or mixed feed which are known risk factors for the 
development of sepsis, whereas, in Madhya Pradesh as per the 
NFHS-4, 58.2% infants were on EBF [15].

In our study, we found that there is a significant (p<0.0001) 
improvement in TSH, T3, T4, fT3, and fT4 after antibiotic 
therapy. A prospective cohort study conducted by Kurt et al. 
on 292 newborns found that serum total T3 and total T4 levels 
of septic newborns were significantly less as compared to those 
of healthy newborns at the onset and serum total T4 level was 
increased significantly after antibiotic therapy. They suggested a 
significant change in thyroid hormone levels after the treatment 
of neonatal sepsis [6]. In a similar study, Das et al. studied 49 
neonates (8–28 days) for serum cortisol, total T3, total T4, and 
TSH levels at diagnosis and at discharge following recovery. 
They found a low level of total T3 and T4 in neonates with sepsis 

and level was normalized following treatment. However, the 
mean serum TSH level was in the normal range both at admission 
and at discharge [9].

Schonberger et al. observed a transient hypothyroidism in 
12% of the neonates admitted to the neonatal intensive care with 
various problems such as sepsis, prematurity, and respiratory 
distress [10]. According to Hagag et al., neonates with sepsis 
have higher serum cortisol and hepcidin and significantly lower 
free T3 and free T4 than that of healthy neonates. They claim 
that these findings can be used as a marker in the diagnosis of 
sepsis for a better prognosis [11]. A study done by Silva et al. 
on a small study population of term newborn babies with sepsis, 
low T3 syndrome was observed in 50% cases, while T3-T4 
syndrome was observed in 100% of study subjects. The four 
out of six newborns with fungal sepsis progressed to septic 
shock [12]. Neonates with fungal sepsis were also included in 
our study. Kadivar et al. in their study found that neonates with 
<34 weeks had significantly lower thyroxine levels (7.15±2.56; 
p=0.03) than others [16]. Therefore, in our study, pre-term and 
post-term neonates were excluded from the study to alleviate the 
effect of gestational age.

The mechanism behind this relationship between sepsis 
and alteration of thyroid hormones is not clear; however, many 
theories have tried to elucidate the mechanism leading to the 
hormonal change in newborns with sepsis. One hypothesis 
proposed that the lower metabolism rate of the body is 
responsible for this relationship [17]; whereas, another theory 
suggests that a decrease in the activity of 5’-monodeiodinase, 
which converts T4 to T3, may also be involved as an underlying 
mechanism of a low T3 level [18]. Since in sepsis patients, 
iodine is used as a halide ion, some theories also believed that 
the low levels of thyroid hormones may be responsible for the 
activation of the phagocytic system of neutrophils [19-21]. 
Fabris et al. hypothesized that several inflammatory cytokines, 
such as interleukin (IL)1, IL6, and tumor necrosis factor-α, 
suppress the thyroid function at different levels through direct 
or indirect pathways [22].

IL-1 is found to be a major cytokine stimulating the 
hypothalamopituitary adrenal axis that leads to an increase 
in glucocorticoid levels [23]. These cytokines also act on the 
hypothalamopituitary thyroid axis and inhibit the TSH secretion, 
biosynthesis, and release of thyroid hormone and thyroid 
growth [24]. In sepsis, the increase in the production of pro-
inflammatory cytokines is more pronounced than that in other 

Table 3: Distribution of the study population detected with various 
species during body fluid culture of children and their respective 
percentages
Results Body fluid culture for 

species
Number of 

children
Percentage

Positive Acinetobacter 6 3.08

Candida 2 1.03

Cons 28 14.36

Escherichia coli 27 13.85

Klebsiella 12 6.15

Micrococcus 2 1.03

Pseudomonas 3 1.54

Staphylococcus aureus 30 15.39

Streptococcus 30 15.39

Staphylococcus epidermidis 12 6.15

Negative 43 22.05
Total 195 100.00

Table 2: Statistical calculation outcomes for the values of thyroid hormone levels before and after the commencement of antibiotic therapy
Thyroid 
profile

Before antibiotics (n=195) After antibiotics (n=170) p-value (Paired t-test)
Mean Range SD Mean Range SD

TSH (µg/ml) 5.29 0.4–8.9 2.11 9.19 4.6–12.5 1.63 p<0.0001
T3 (ng/dl) 94.4 4.2–181 44.4 185.30 114.4–260.5 44.53 p<0.0001
T4 (µg/dl) 7.25 2.1–12.6 2.72 13.19 6.4–105 10.24 p<0.0001
fT3 (pg/ml) 1.84 0.5–4.8 0.9 3.60 1.6–5.5 0.89 p<0.0001
fT4 (µg/dl) 1.43 0.4–2.3 0.458 2.54 1.1–3.4 0.52 p<0.0001
TSH: Thyroid-stimulating hormone
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types of critical illness. Fabris et al. found that the thyroid-
immune interactions exist and analyzed the possible integration 
between pituitary-thyroid hormones and immune factors that help 
in the development and maintenance of immune efficiency [22]. 
The severity of illness influences every aspect of thyroid 
hormone in the body, from the control of secretion to the delivery, 
metabolism, and ultimate action. This has led to the terminology 
known as “Sick Euthyroid Syndrome” which is characterized 
by a significant decrease in serum tri-iodothyronine (T3), slight 
decrease in serum thyroxin (T4), increase in reverse T3 level, and 
no significant change in TSH [25].

We have tried our best to depict the relationship between 
thyroid hormone with LOS among full-term neonates but 
despite our efforts, several limitations are present in our 
study. First, we have not investigated the maternal thyroid 
profile. The maternal thyroid status was assessed based on 
history and drug intake, so we could not assess exact maternal 
thyroid status. Second, the use of thyroxin in sepsis is still 
debatable as our study is not an interventional study; hence, 
more randomized controlled trials are recommended to assess 
the usefulness of the thyroxin replacement therapy in neonatal 
sepsis. Finally, larger sample size and serial TSH monitoring 
are required to establish the clear prognostic significance of 
the thyroid profile.

CONCLUSION

Our study suggested a significant improvement in TSH, T3, 
T4, fT3, and fT4 after antibiotic therapy in full-term neonates 
with LOS. Hence, based on our observation, we suggest that 
there is a correlation of thyroid profile with a prognosis of 
illness but since this is not an interventional study, more 
clinical trials overcoming the above-mentioned limitations are 
recommended.
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