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Objective: To describe thyroid alterations in term newborns (TNB) with fungal 
sepsis during NICU hospitalization. 
Method: The study included six TNB that during the clinical and laboratory 
manifestations of sepsis with positive cultures for fungus showed changes in thy-
roid hormones, called low T3 syndrome and low T3-T4 syndrome. TNB that could 
present hormonal changes caused by disease as those born to mothers with thy-
roid disease, or who had perinatal asphyxia and major surgeries were excluded. 
Results: Of six TNB with fungal sepsis, five had positive culture for Candida 
albicans and one had positive culture for Candida tropicalis. Low T3 syndrome 
was observed in two TNB (50%), while T3-T4 syndrome was observed in other 
two (100%). The four children progressed to septic shock. 
Conclusion: Fungal sepsis is becoming more common among newborns admit-
ted to NICU. Thyroid insufficiency could be a marker of disease severity with 
possible need for hormone supplementation.

Keywords: full-term newborn, thyroidal hormone, fungal sepsis, septic shock.  

Introduction
Late-onset neonatal sepsis is directly related to postnatal 
factors and the multiple invasive procedures to which these 
infants are submitted at the neonatal intensive care unit 
(NICU). These procedures include tracheal intubation, per-
cutaneous catheters, venipuncture, and parenteral nutri-
tion. Hospital microorganisms are the main causative 
agents of sepsis, including bacteria and fungi,1-3 and can 
be transmitted horizontally through the staff and from 
the professionals’ hands.

Sepsis may affect various tissues and modify the ac-
tion of certain enzymes, including those responsible for 
the formation of thyroid hormones in peripheral tissues, 
causing the so-called non-thyroidal illness syndrome 
(NTIS), which is characterized by the presence of abnor-
malities in thyroid hormone serum levels, but without 
the classic thyroid disease that can affect adults, children 
and even infants.4-8 NTIS has been used as an interesting 
parameter of severity, since it has been verified that more 
severe patients have more prolonged alterations and a 
later recovery, and that the prognosis in adults is poor, 

and may even lead to death.9-12 However, there are still no 
reports of there being a worse prognosis in infants, let 
alone those presenting fungal sepsis.

It is believed that most episodes of candidemia are of 
endogenous origin, through the translocation of the patho-
gen via gastrointestinal tract mucosa, where colonization 
by this fungus occurs in up to 70% of the normal popula-
tion.13 Any variable that causes an imbalance in the micro-
biota or harm to the gastrointestinal mucosa can be a fa-
cilitating agent for the translocation of Candida ssp. from 
the intestinal lumen to the mesenteric capillaries.14 The 
second most common cause of bloodstream infection in 
pediatric and neonatal patients admitted to intensive care 
units in the USA, Europe, and Latin America is fungal in-
fections, especially by Candida spp.13-16 In recent years, an 
increase in infections caused by other species of Candida 
non-albicans, such as Candida tropicalis, Candida glabrata, Can-
dida krusei, Candida lusitaniae and Candida guilliermondii, has 
been noted. Multicenter studies conducted in Brazil have 
also confirmed the prevalence of species of Candida albicans 
and non-albicans (C. tropicalis and parapsilosis).16-18
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Thyroid hormones in the newborn
Soon after umbilical cord clamping, term infants present 
high T3 values, reaching 3 to 6 times the fetal serum levels, 
concomitant with an abrupt increase in thyroid-stimulat-
ing hormone (TSH) and catecholamines in response to the 
temperature differences between the intra- and extra-uter-
ine environments, and the stress of labor. T4 also rises 30 
minutes after delivery, with serum levels that can reach 80 
to 100 mU/L. All of these hormones decrease within 24 
hours, remaining at higher levels than those of the cord 
blood for 2 to 3 days.4-9 In the same manner as the thyroid 
hormones, there is a rapid increase in cortisol in term in-
fants at birth, which can reach 20 μg/dL. This hormone 
stimulates the increase in serum T3, which is essential for 
activation of type 1 deiodinase (D1) enzyme between 4 and 
6 hours after birth, and very low levels of reverse T3.19-28

Currently, four stages of NTIS are recognized in adults 
and children, known as low T3 syndrome, low T3-T4 syn-
drome, high T4 syndrome, and mixed syndromes.4-10,20-28 

Low T3 syndrome
This is characterized by low serum levels of T3, normal or 
slightly increased TSH, and normal free T4 and T4. The lev-
el of reverse T3 may be normal or increased. This change is 
due to inhibition of the activity of the D1 enzyme, which is 
responsible for both peripheral degradation of T4 to T3 as 
well as lower clearance of reverse T3.6-12 The decline in T3 lev-
els appears to occur a few hours after the onset of sepsis.6,10,23-28 
Recovery occurs in parallel with the improvement of the un-
derlying disease.24-28 Low T3 syndrome is the most frequent 
NTIS abnormality in adults and children. Evidence indi-
cates that low T3 syndrome may be an adaptive response to 
stress, without association with worse prognoses or increased 
mortality.22-28 For Papanicolaou, low T3 syndrome corre-
sponds to the first stage of non-thyroidal illness syndrome.6

Low T3-T4 syndrome 
This is characterized by the presence of low T4 and T3, with 
low TSH being frequent, alongside normal or high reverse 
T3. This situation has been observed in seriously ill and 
dying adults and children. Initially, this type of NTIS was 
explained by the presence of a probable inhibitor of T4 
binding to thyroglobulin in the serum. It is currently be-
lieved that a mechanism occurs in this type of NTIS relat-
ed to the effects of cytokines in the hypothalamic-pituitary 
axis, associated with reduced peripheral T4 action.4-12,19-28 
The response of TSH to thyrotropin-releasing hormone 
(TRH) seems to be reduced in patients in critical clinical 
condition. There is evidence that in certain periods of se-
vere disease there may be genuine central and transient hy-

pothyroidism, in which there is not a nighttime peak in 
TSH, as well as evidence of changes in the glycosylation 
process regulated by TRH.4,9,19-28 Studies have also suggest-
ed reduced T4 action in tissue levels, varying from tissue 
to tissue, through the demonstration of low serum levels 
of angiotensin-converting enzyme, which in turn is stim-
ulated by thyroid hormones.5,7,20-28 In the recovery phase, 
there may be a temporary increase in TSH.20-28 

High T4 syndrome
This is characterized by high serum levels of T4, normal 
or slightly increased T3 and high reverse T3. Free T3 and 
free T4 are usually normal or low.5,27 The prevalence of 
this syndrome is usually low. In the initial phase, the de-
crease in the peripheral metabolism of T4 through inac-
tivation of the D1 enzyme may cause increased rates of 
this hormone; however, the situation is reversed in a few 
hours, causing a decline in T4 levels.4-6,10,19-28

Mixed syndromes 
In mixed syndromes, a combination of the abnormalities 
described above can be found.4-6,10,19-28

When completing our master’s thesis, we noted thy-
roid abnormalities in infants with bacterial sepsis, and in 
the present study we also found six infants with fungal 
infection. As we found no published cases in the litera-
ture, we decided to write this article in order to present 
the changes in thyroid hormones in fungal sepsis.

The study was conducted with the newborns whose 
parents or legal guardians signed the informed consent 
form, after approval of the research project by the Ethics 
Committee at Instituto da Criança and the HC-FMUSP 
Ethics and Research Committee, with registration at the 
National Ethics and Research Commission under number 
0329.0.015.000-03. 

The infants with fungal sepsis made up 17.9% of the 
total sample (six infants). These infants had laboratory 
manifestations of sepsis, as well as positive blood cultures 
for fungi in five of them and one positive urine culture, as 
well as clinical and radiological signs of fungal sepsis.

Infants with severe asphyxia, surgical and cardiac mal-
formations, major surgeries, infants born to mothers with 
thyroid disease, with congenital infections, and intrauter-
ine growth delay were excluded because these conditions 
could alter their hormone levels. 

The blood samples to test the hormone levels were 
collected from peripheral veins at the same time as rou-
tine tests for sepsis (blood count, C-reactive protein and 
blood culture). One extra milliliter of blood was taken 
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from the selected patients in order to measure total T4, 
free T4, T3, reverse T3 and TSH levels.1-3,29-31

NTIS was considered present when abnormalities were 
found in the serum levels of thyroid hormones, such as the 
presence of low T3, low T3-T4, high T4, and mixed levels.

Five of the infants with fungal sepsis presented pos-
itive blood cultures, with four for Candida albicans and 
one for Candida tropicallis. One infant presented urine cul-
ture positive for Candida albicans.

Low T3 syndrome was observed in four infants (66.7%) 
and low T3-T4 in two infants (33.3%). Two infants with 
low T3 syndrome (50%) had septic shock and two with low 
T3-T4 syndrome also progressed with septic shock (100%).

Table 1 shows a statistically significant difference in 
relation to the blood count and its differentials and C-
reactive protein.

Table 2 describes the clinical and laboratory variables 
of infants according to the duration of fungal sepsis dur-

TABLE 1  Clinical and laboratory variables of the infants according to the duration of fungal sepsis at the time of entry into 
the study.

Data Group Median Standard deviation Mean Standard error Range p

Weight (g) A 2825 670.6 2947.5 335.3 1905-3500 0.10

B 2930 1301.1 2930 920.0 2010-3850

Temperature A 37.72 1.35 38.30 0.67 35.7-38.5 1.0

B 36.95 2.19 36.95 1.55 35.4-38.5

Heart rate A 169.75 21.48 176.5 10.74 140-186 0.16

B 192.5 14.85 192.5 10.50 182-203

Respiratory

rate

A 67.50 13.30 67 6.65 52-84 0.70

B 62.00 25.46 62 18.00 44-80

Leukocyte A 21215 11477.02 25445 5738.51 4270-29700 0.0001

B 14655 3613.32 14655 2555.00 12100-17210

Immature

< 10%

A 0.28 0.21 0.18 0.10 0.15-0.61 0.0005

B 0.27 0.17 0.27 0.12 0.15-0.4

INR A 0.19 0.11 0.14 0.05 0.12-0.37 0.0001

B 0.20 0.10 0.20 0.07 0.13-0.28

C-reactive

protein

A 75.75 81.95 51.8 40.97 5.4-194 0.0044

B 189.55 30.61 189.55 21.65 167.9-211.2

A – Low T3 syndrome; B – Low T3-T4 syndrome; INR: neutrophilic index of Rodwel score.

TABLE 2  Clinical and laboratory variables of infants according to the duration of fungal sepsis during convalescence. 

Data Group Median Standard deviation Mean Standard error Range p

Weight (g) A 2837.50 666.96 2947.5 333.48 1935-3520 0.0041

B 2767.50 783.75 2602.5 312.15 1855-4125

Temperature A 37.52 0.69 37.5 0.34 36.8-38.3 1.0

B 37.05 0.75 37.0 0.26 36-37.4

Heart rate A 164.50 3.42 165 1.71 160-168 0.51

B 150.63 8.43 148 2.98 142-160

Respiratory

rate

A 63 15.10 60 7.55 48-84 0.66

B 65.3 12.43 67 4.40 48-88

Leukocyte A 16405.00 9974.04 18500 4987.02 2520-26100 0.0001

B 17242.50 16956.61 8555 5995.07 2690-42490

Immature

< 10%

A 0.077 0.14 0.009 0.07 0-0.29 0.32

B 0.031 0.048 0 0.17 0-0.13

INR A 0.07 0.13 0.008 0.06 0-0.28 0.56

B 0.02 0.04 0 0.014 0-0.11

(Continued)
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ing convalescence. Statistically significant differences were 
noted between the two groups in relation to weight, blood 
count and C-reactive protein. In Table 3, the variables re-
lated to recovery had no significant changes, except for the 
case of laboratory parameters:

•• A – Low T3 syndrome: one case continued high;

•• B – Low T3-T4 syndrome: in one case the patient 
was re-infected and underwent surgery.

Tables 4 and 5 show the arithmetic means of the thyroid 
hormones and TSH according to the evolution of sepsis 
in the infants with low T3 and low T3-T4 syndromes, re-
spectively.

TABLE 2  (Cont.) Clinical and laboratory variables of infants according to the duration of fungal sepsis during 
convalescence. 

Data Group Median Standard deviation Mean Standard error Range p

C-reactive

protein

A 69.12 58.12 71.35 29.35 7.4-126.4 0.0001

B 92.87 58.48 111.45 20.67 3.2-159.9

A – Low T3 syndrome; B – Low T3-T4 syndrome; INR: neutrophilic index of Rodwel score.

TABLE 3  Clinical and laboratory variables of infants according to the duration of fungal sepsis upon recovery.

Data Group Median Standard deviation Mean Standard error Range p

Weight (g) A 2892.50 719.40 2910 359.70 2015-3735 0.22

B 3140 1400.07 3140 990.00 2150-4130

Temperature A 36.65 0.19 36.6 0.09 36.5-36.9 0.86

B 37.15 0.91 37.15 0.65 36.5-37.8

Heart rate A 140 14.1 135 7.07 130-160 0.52

B 143 9.90 143 7.00 136-150

Respiratory rate A 35 3.46 34 1.76 32-40 0.39

B 41.5 8.5 41.5 12.02 33-50

Leukocyte A 10335 3081.92 10620 1540.96 7100-13000 0.0001

B 11910 438.41 11910 310.0 11600-12220

Immature < 10% A 0.004 0.009 0 0.004 0-0.019 0.56

B 0.00 0.00 0 0.0 0

INR A 0.004 0.009 0 0.004 0-0.018 0.0001

B 0.00 0.00 0 2 0

C-reactive protein A 10.3 14.3 3.2 7.15 3.2-31.9 0.01

B 62.2 83.43 62.2 59.0 3.2-121.2

A – Low T3 syndrome; B – Low T3-T4 syndrome; INR: neutrophilic index of Rodwel score.

TABLE 4  Arithmetic means of the thyroid hormones and TSH according to the evolution of sepsis in the infants with low T3 
syndrome.

Variable 
Hormone

Progression
Median ± standard deviation

Thyroid hormones Admission ( a ) Convalescence ( b ) Cure ( c ) p

T3 59.97±36.27 101.3±77.98 206.25±39.98 a x b=0.80

b x c=0.002

a x c=0.001

T4 7.80±2.16 12.99±6.29 12.52±2.65 a x b=1.0

b x c=1.0

a x c=1.0

(Continued)
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Discussion
Sepsis due to fungi in the neonatal period occurs in in-
fants admitted to the ICU for long periods of time, espe-
cially affecting infants with a birth weight < 1500 g. We 
emphasize that this study only included term infants, but 
even so we noted six infants presenting the condition. In 
Brazil, a multicenter study conducted in the 1990s by Co-
lombo et al. in the cities of São Paulo and Rio de Janeiro 

observed 145 patients, including adults and children, with 
positive blood culture for Candida: albicans (37%), parapsi-
losis (25%), tropicalis (24%), rugosa (5%), and glabrata (4%). 
This publication mentions that 28 of these infections 
were in children (19.7%).32 Its results in infants at that 
time are similar to our study population.

In the city of São Paulo, a study of four tertiary hos-
pitals by Matta et al. analyzed all of the positive blood 

TABLE 4  (Cont.) Arithmetic means of the thyroid hormones and TSH according to the evolution of sepsis in the infants with 
low T3 syndrome.

Variable 
Hormone

Progression
Median ± standard deviation

Thyroid hormones Admission ( a ) Convalescence ( b ) Cure ( c ) p

Free T4 1.33±0.89 1.70±0.43 1.55±0.31 a x b=0.58

b x c=0.39

a x c=0.77

a x c > 0.05

Reverse T3 99.96±79.04 95.27±27.88 91.45±9.5 a x b=0.30

b x c=0.075

a x c=0.009

TSH 2.16±2.30 3.88±2.05 1.77±0.74 a x b=1.0

b x c=1.0

a x c=1.00

TSH: thyroid-stimulating hormone.

TABLE 5  Arithmetic means of the thyroid hormones and TSH according to the evolution of sepsis in the infants with low 
T3-T4 syndrome.

Variable
Hormone

Progression
Median ± standard deviation

Thyroid hormones Admission ( a ) Convalescence ( b ) Cure ( c ) p

T3 46.5±3.5 73.58±44.9 76.50±108.19 a x b=0.80

b x c=0.0020

a x c=0.0010

T4  3.8±1.57 7.78±3.9 5.5±7.78 a x b=1.0 

b x c=1.0 

a x c=1.0

Free T4 1.28±0.30 1.16±0.55 0.88±1.2 a x b=0.58

b x c=0.39

a x c=0.77

a x c > 0.05

Reverse T3 59.0±83.44 70.15±16.05 33.9±47.9 a x b=0.30

b x c=0.075

a x c=0.009

TSH 0.74±1.0 2.82±2.21 1.7±2.4 a x b=1.0

b x c=1.0

a x c=1.00

TSH: thyroid-stimulating hormone.
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cultures for fungi from all of the patients admitted to 
these services (adults and children) in two different peri-
ods (1995–1999 and 2000–2003) and found that Candi-
da albicans was higher in both periods, and in the second 
period there were more species of Candida.33

In 2009, another study was also conducted in our 
country by Godim et al. at a neonatal intensive care unit 
with ten beds at a Tertiary University Hospital, in the city 
of Uberlândia, regardless of the gestational age, found 19 
cases of candidemia, with Candida albicans also being the 
most common, similar to all of the studies cited to date 
[nine cases of Candida albicans (47.9%), five of Candida kru-
sei (26.3%), two of Candida parapsilosis (10.5%), two of Can-
dida glabrata (10.5%), and one of Candida tropicalis (5.3%)].34 
In Latin America, Nucci et al. found 89 infants with can-
didemia, and 27% with C. parapsilosis.16

In a study carried out in the United States in 2000 by 
Zaoutis et al., which analyzed data from adult and pediat-
ric populations admitted to tertiary hospitals, the fourth 
leading cause of infection was fungi, present in 1,118 chil-
dren aged 0 to 7 years, that is, 43% of the total sample.35 
On the other hand, in a study of 24 infants with a gesta-
tional age between 24 and 40 weeks, Spanish authors found 
seven cases of Candida albicans (29.2%) and 17 cases of Can-
dida non-albicans, 16 cases of which were Candida parapsilo-
sis (66.7%) and one case of Candida glabrata (4.2%). The mor-
tality rate of these children was around 21%.36 In our case 
series we also observed the presence of Candida non-albi-
cans, a finding that is becoming increasingly common. In 
our study we had one case of Candida parapsilosis, and none 
of the six infants died, despite four of them having present-
ed septic shock. The Spanish study reports 21% mortality. 

In our study, even though the sample comprised new-
borns, we also found a similar rate, with a predominance 
of Candida albicans (66.8%) and Candida tropicalis (16.6%), 
as shown in other studies described above. 

In the past, the majority of fungal infections in the 
population were labeled as Candida ssp., although the vast 
majority was Candida albicans. From the 1990s onwards, 
there was a significant increase in the number of infections 
caused by Candida non-albicans, such as Candida parapsilosis 
and other types of Candida in the global population.30-37 

Low T3-T4 syndrome described in critically ill adults 
and children is linked to poor prognosis and greater sever-
ity of the disease. In our study, all of the infants with fun-
gal sepsis survived, so it is not possible to relate this type 
of syndrome with poor prognosis. However, it was possi-
ble to relate the greater severity of the disease, as two of the 
six infants with low T3 (50%) and two infants with low T3-
T4 (100%) had shock, demonstrating that it would be pos-

sible to use these hormones as markers of severity, even 
with a small case series such as ours. Another possibility 
would be the treatment of these changes in children with 
septic shock, where despite our patients not having pro-
gressed to death, the cases remained extremely severe and 
had prolonged hospitalization. More studies and larger 
case series are necessary to prove this. Nevertheless, there 
are studies on older septic patients in which thyroid hor-
mones were administered, leading to clinical improvement.

Conclusion
Fungal sepsis is becoming more common among new-
borns admitted to the NICU and thyroid insufficiency, 
with the variables described, could be a marker of disease 
severity with possible need for hormone supplementation.

Resumo 

Alterações tireoidianas no recém-nascido de termo com 
sepse fúngica 

Objetivo: descrever as alterações tireoidianas em recém-
-nascidos de termo (RNT) que apresentaram sepse fúngi-
ca durante internação na UTI neonatal.
Método: foram incluídos seis RNT que, durante as ma-
nifestações clínicas e laboratoriais de sepse, com culturas 
positivas para fungo, apresentaram alterações dos hor-
mônios tireoidianos, denominadas síndrome do T3 bai-
xo e síndrome do T3 e T4 baixo. Foram excluídos RNT 
que apresentaram alteração hormonal por doença, como 
RNT filhos de mães com doença tireoidiana, asfixia peri-
natal e cirurgias de grande porte. 
Resultados: dos seis RNT com sepse fúngica, cinco apre-
sentavam cultura positiva para Candida albicans e um para 
C. tropicalis. A síndrome do T3 baixo foi observada em duas 
crianças (50%) e a do T3 e T4 baixo em dois RN (100%). As 
quatro crianças evoluíram com choque séptico. 
Conclusão: a sepse fúngica é cada vez mais frequente nos 
recém-nascidos internados em UTI neonatal. A insuficiên-
cia tireoidiana pode vir a ser marcadora de gravidade da 
doença, e a suplementação hormonal pode ser necessária.

Palavras-chave: recém-nascido de termo, hormônio ti-
reoidiano, sepse fúngica, choque séptico.
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