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Abstract
Infectionis an important cause of death during infancy worldwide and is a frequent etiology of sudden unexpected death in 
infancy (SUDI). Procalcitonin (PCT) is a useful marker to diagnose infection in patients, and several studies report the stabil-
ity of PCT after death. The added value of a biological marker, such as the PCT level in the blood, remains controversial in 
investigating SUDI. The aim of this study was to determine if PCT can help clinicians determine whether infection caused 
SUDI. We conducted a retrospective, multicenter study with the French SUDI registry (Observatoire National des Morts 
Inattendues du Nourrisson; OMIN). We collected data from this registry on children who died between May 2015 and June 
2021. The levels of PCT in the blood of 540 SUDI patients were measured. We compared PCT and other biological tests 
performed in terms of infection status, autopsy results, and cause of death using clinical and biological data compiled by 
pediatricians at the SUDI referral center. PCT levels were significantly higher in the children who died from infection than in 
those who did not (0.12 µg/L vs. 0.08 µg/L, p < 0.001). A PCT blood level exceeding 0.2 µg/L was more frequently observed 
when infection was present than in the absence of infection (44.3% vs. 15.4%, p < 0.001). The same data were obtained with 
a 0.5 µg/L cut-off (36.1% with infection vs. 9.2% without, p < 0.001).

Conclusions: PCT is a sensitive biomarker for detecting infections postmortem; thus, additional samples may be necessary 
during autopsy.

What is known:
• PCT is a stable marker postmortem and increases earlier than CRP, i.e., 2–4 h after the beginning of an infection vs. 6 h.
• PCT can be measured up to 140 h after death.
What is new:
• PCT is a sensitive marker for detecting infection in SUDI patients postmortem.
• This test can reveal an infection from non-standardized samples obtained during autopsy if such an infection was not determined before 

death.
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Introduction

Sudden unexpected death in infancy (SUDI) is the sudden 
and unexpected death of a child under 1 year of age without 
any predictive clinical history [1, 2]. SUDI is the leading 
cause of death between 1 month and 1 year [1, 3, 4]. The 

French National Authority for Health (Haute Autorité de 
Santé: HAS) provides guidelines for SUDI management. 
The latest guidelines, published in 2007, recommend lab-
oratory tests and autopsy to determine the cause of death 
(infection, asphyxia, heart disease, abuse, or poisoning) [2]. 
In France, SUDI data are collected by the French Institute 
for Public Health Surveillance (Institut de Veille Sanitaire; 
InVS). The French Sudden Unexpected Infant Death registry 
(Observatoire National des Morts Inattendues du Nourris-
son registry; OMIN) reports between 250 and 350 deaths 
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annually among 37 centers [3]. Each case is documented 
by the pediatrician who obtained postmortem samples and 
ordered the autopsy, as recommended by the French guide-
lines [5].

Infection is the second leading cause of death among 
SUDI patients [1, 2]. Viral infections of the respiratory 
tract are the most common [6, 7]. The procalcitonin (PCT) 
blood test is not recommended [2], which may explain why 
PCT testing is performed in only 30.8% of cases, unlike 
C-reactive protein (CRP) testing, which is performed in 
85.5% of cases, according to InVS data [5].

PCT is a 116 amino–acid peptide precursor generated 
from calcitonin. PCT blood levels are increased in cases 
of bacterial infection [8–10]. In clinical conditions, a PCT 
blood level above 0.5 µg/L is generally considered to indi-
cate infection [9, 11]. PCT may be a valuable marker for 
discriminating sepsis [12], which has been confirmed by 
several studies [13–15]. Infection is possible if the PCT 
blood level is between 0.25 and 0.5 µg/L [11].

Few data exist regarding PCT levels after death. PCT has 
been reported to remain stable for many hours after death, 
with levels remaining significantly different for 140 h among 
patients who died from sepsis vs. non-sepsis–related deaths 
[12]. PCT blood levels increase within 2 h after the begin-
ning of the infection, while CRP levels increase after 6 h [9, 
16]. PCT may be a relevant predictor of death at the begin-
ning of an infection; however, no studies have evaluated 
the value of PCT testing in SUDI. Indicators of an infec-
tious cause of death would have several impacts on autopsy. 
Additional samples may have to be taken during autopsy to 
research a human microbiological pathogen. The aim of our 
study was to determine if PCT could be a sensitive biologi-
cal marker to identify infection as a possible cause of SUDI.

Material and methods

Study design

We conducted a multicenter retrospective study using 
French SUDI registry data. We collected all SUDI data 
from May 1, 2015, to June 30, 2021, including the demo-
graphic characteristics (sex, gestational age, and multiple-
birth information), medical history (chronic disease, post-
natal smoke exposure, and family history of sudden infant 
death syndrome), characteristics at the time of death (age, 
weight, height, the occurrence of death while sleeping, 
the occurrence of death during winter, and resuscitation 
attempts), and medically significant events in the 72 h 
preceding SUDI (signs of dehydration, purpura, clinical 
manifestations, and medical consultation information). We 
also collected available biological and microbiological 
laboratory test results, radiological data, and whether an 

autopsy had been performed. Post-mortem blood samples 
are taken by pediatricians caring for children in French 
reference center part of the OMIM group. The sample can 
be taken by intracardiac puncture via the subxiphoid route 
or by a puncture of the subclavian artery. Children for 
whom PCT blood levels were not measured were excluded 
since we investigated PCT as a biomarker associated with 
infectious causes of death; we also excluded case whom 
PCT blood level was measured but without data to explore 
the infectious status of the child.

Determination of infection as the cause of death

All patients included in the study were classified into two 
groups based on their medical records and the presence of 
an infectious process as the trigger for death. We exclude 
cases with a medical conclusion and without any clinical 
data. Two authors (M.C. and A.W.) reviewed all cases to 
verify the medical referent’s conclusion with the medi-
cal history and microbiological and autopsy results docu-
mented in the registry. We only classified a SUDI case 
in the infected group in case of both microbiological and 
histological element abnormalities in favor of an infectious 
process. In cases with no microbiological identification 
and no evidence of infection in the autopsy conclusion, 
the case was considered classified in the “non-infected 
group,” even if the medical referent concluded that the 
cause of death was an infection. We also considered SUDI 
cases in the non-infected group in absence of histological 
element associated with blood culture samples. In cases 
where the two authors disagreed, a third author (M.H. a 
pediatrician expert in forensic medicine) reviewed the case 
to determine if an infection was the cause of death.

Procalcitonin blood level interpretation

A PCT blood level above 0.5 µg/L is a marker of infection 
[9] with a sensitivity between 70 and 80% and a specific-
ity of approximately 70%, according to different studies 
[11, 17–19].

We also considered those with levels of 0.2 µg/L since 
this is considered a good negative predictive value [10, 20] 
and may rule out infection [9, 10].

Statistical analysis

The analytical data are presented as the median with 25th 
and 75th percentiles (median and interquartile range) for 
continuous variables; categorical variables are presented as 
numbers and percentages. Comparisons of baseline char-
acteristics associated with infectious causes of SUDI were 
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conducted by using Wilcoxon or Kruskal‒Wallis tests for 
continuous variables and the Fisher exact or χ2 test for cate-
gorical variables. A two-sided p-value ≤ 0.05 was considered 
to indicate significance. Statistical analyses were performed 
using R version 4.1.1 (2021–08-10) (R Foundation for Sta-
tistical Computing, Vienna, Austria).

Ethics

The French SUDI registry was approved by an independ-
ent ethics committee (Groupe Nantais d’Ethique dans le 
Domaine de la Santé — n°2015–01-27) within the French 
Data Protection Authority in clinical research (Commission 
Nationale de l’Informatique et des Libertés — CNIL — 
n°915,273) and by the national registry evaluation commit-
tee, comprising the National Institute of Health for Medical 
Research (Inserm), the National Cancer Institute (INCa) and 
the National Public Health Agency (Santé Publique France).

Results

Baseline characteristics (Table 1)

Among 1185 SUDI cases in the French SUDI registry, the 
PCT blood level was available for 540 (45.6%). A total of 
158/540 (29.3%) children died from infection, as shown in 
the flow chart (Fig. 1).

In our population, 298 of the patients were male (55.3%), 
the median term was 39.1 weeks and 87 (17.2%) were pre-
term. Thirty-nine were from multiple-birth pregnancies. A 
total of 11.8% of the survey population had a chronic dis-
ease, and 13.1% had a family history of SUDI. Only 28.3% 
of SUDI occurred during the winter. The median age at the 
time of death was 115 days. Half of the children exhibited 
clinical manifestations in the 72 h preceding death (50.8%), 
and 39.8% was medically evaluated.

The most frequent postmortem samples taken were 
nasopharyngeal swabs (84.8% for virology), blood cultures 
(82.2% for bacteriology) and cerebrospinal fluid draws 
(74.4% for bacteriology). Urine and feces samples are taken 
less frequently. Among all SUDI cases, 117 had a bacterial 
documentation (46 cases had at least 2 different bacteria), 
135 cases had a viral documentation (52 had at least 2 dif-
ferent viruses), and 67 SUDI cases had at least one bacteria 
and one virus.

An autopsy was performed on 81.3% of the patients. 
Parental refusal was the most frequent reason an autopsy 
was not performed (85.1%). The median time between death 

and autopsy was 36 h (maximum 60 h). Toxicology analyses 
were performed on 11.3% of the patients.

Cause of death (Table 1)

Asphyxia was the most commonly reported cause of death 
(49.2%); the second most common cause was infection 
(37.4%). Viruses in the respiratory tract were more fre-
quently observed among those who died from infection 
than in those who did not (39.9% vs. 18% p < 0.001). The 
same observation was made for bacteremia (24.7% vs. 0% 
p < 0.001) and viral infections of the ear, nose and throat 
(ENT) (21.5% vs. 6% p < 0.001).

Comparison of children who died from infection vs. 
other etiologies (Table 2)

No significant differences were observed in terms of sex, 
death occurrence in winter, chronic diseases or gestational 
age at birth. Children who died from infection were sig-
nificantly older (144 vs. 107 days, p < 0.001) and heavier 
(6520 vs. 5910 g, p < 0.001) than those who died from other 
causes.

No significant difference was noticed regarding purpura 
between the two groups; however, 5 non-infected children 
had purpura. Clinical manifestations (66% vs. 44.4%, p 
0.014) and medical consultations before death were more 
frequent in the infection group vs. the non-infection group 
(49.4% vs. 33.3% p < 0.001).

In 86.9% of cases (437/503), CRP levels were below 
10 mg/L. In these 437 cases, the median CRP blood level 
was 28.2  mg/L. CRP < 10  mg/L was most frequently 
associated with noninfectious causes of death (92.4% vs. 
73.5%, p < 0.001). There was no significant difference in 
the median CRP blood level between the groups (34 mg/L 
in the infected group vs. 20 mg/L in the non-infected 
group, p = 0.054).

Bacteria and virus identifications in both groups are 
detailed in the supplementary data.

Procalcitonin levels according to infectious status 
(Table 2)

In the whole population, the median PCT blood level was 
0.09 µg/L (IQR 0.06–0.16). The PCT blood levels exceeded 
0.2 µg/L in 22.6% of the patients (122/540). The median 
PCT blood level was 0.12 µg/L in patients who died from 
infection (IQR 0.06–1.88), significantly different from that 
of patients who died from other etiologies (0.08 µg/L, IQR 
0.05–0.11) (Fig. 2) (p < 0.001). A PCT blood level exceeding 
0.2 µg/L was more frequently observed in the infected group 
(44.3% vs. 15.4% p < 0.001).
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Table 1   Baseline characteristics

For each variable, patients were not taken into account in case of missing data
* In the OMIN registry, causes of death can be multiple according to clinician

Demographic data and medical history

   Male sex — n/N, % 298/538 55.3%
   Postnatal smoke exposure — n/N, % 194/411 47.2%
   Preterm birth — n/N, % 87/504 17.2%
   Family history of SUDI — n/N, % 62/472 13.1%
   Chronic disease — n/N, % 64/540 11.8%
   Multiple births — n/N, % 39/527 7.4%
  Gestational age (weeks) — median (Q1–Q3) 39.1 (37.4–40.4)

Feature at time of death
   Age (days) — median (Q1–Q3) 115 (61.7–207)
   Resuscitation attempts — n/N, % 434/498 87.1%
   Death while sleeping — n/N, % 438/509 86%
   Occur during Winter — n/N, % 153/540 28.3%

Significant medical events 72 h preceding death
   Clinical manifestation — n/N, % 265/522 50.8%
   Medical consultation— n/N, % 92/231 39.8%
   Signs of dehydration — n/N, % 33/486 6.8%
   Purpura — n/N, % 11/463 2.4%

Samples taken
   Nasopharyngeal swab (virology) — n/N, % 458/540 84.8%
   Blood culture (bacteriology) — n/N, % 444/540 82.2%
   Cerebrospinal fluid (bacteriology) — n/N, % 402/540 74.4%
   Nasopharyngeal swab (bacteriology) — n/N, % 350/540 64.8%
   Cerebrospinal fluid (virology) — n/N, % 314/540 58.1%
   Feces (virology) — n/N, % 297/540 55%
   Feces (bacteriology) — n/N, % 272/540 50.4%
   Blood culture (virology) — n/N, % 224/540 41.5%
   Other samples (bacteriology) — n/N, % 210/540 38.9%
   Other samples (virology) — n/N, % 136/540 25.2%
   Urine (bacteriology) — n/N, % 118/540 21.8%
   Urine (virology) — n/N, % 19/540 3.5%

Postmortem analysis
   Total body imaging— n/N, % 221/472 46.8%
   Brain imaging — n/N, % 49/478 12.6%
   Toxicology — n/N, % 50/442 11.3%
   Autopsy— n/N, % 438/539 81.3%
   Autopsy declined — n/N, % 86/101 85.1%
   Autopsy not offered — n/N, % 6/101 5.9%
   Scientific autopsy — n/N, % 279/434 64.3%
   Time between death and autopsy (hour) — median (Q1-Q3) 36 (24–60)

Causes of death as reported in the OMIN registry* n/N, %
   Infection 202/540 37.4%
   Asphyxia 194/540 35.9%
   Genetic disease 22/540 4.1%
   Toxic 9/540 1.8%
   Trauma 9/540 1.8%
   Absence of medical conclusion 166/540 30.7%
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Discussion

Among the 540 cases of SUDI studied, the PCT blood level 
was significantly higher in children who died from infection 
than in those who died from other causes. These results sug-
gest that PCT is a potential biomarker for exploring SUDI 
etiology. Our population is similar to other SUDI popula-
tions described by InVS in terms of patient age, weight [5] 
and etiology (most commonly asphyxia) [2, 5]. The second 
most frequent cause of SUDI is infection (Table 1), typically 
respiratory infection [6, 7] (Table 2).

We determined infection as the cause of death using 
medical records and microbiological documentation. We 
excluded cases without evidence of sepsis or infection in the 
autopsy conclusion and without microbiological documen-
tation, even if the medical conclusion indicated infection.

Postmortem microbiological samples are difficult to 
analyze [19]. Postmortem contamination [21], bacte-
rial translocation [21, 22] and agonal spread [22] cause 
numerous false-positive microbiological results. We also 
observed substantial contamination in our population, as 
shown in the supplementary table. Coagulase-negative 
Staphylococcus is reported to be the most common spe-
cies observed in contamination cases [21]. We also fre-
quently observed oral Streptococci. ENT samples are most 

commonly contaminated due to the commensal species in 
the respiratory tract. In our cohort, the maximum delay 
between death and autopsy was 60 h, and autopsy data are 
interpretable up to this point.

Clinicians frequently look for evidence of infection by 
measuring CRP blood levels. The kinetics of CRP and 
PCT differ [8, 9, 23]; PCT levels increase during the first 
2 h of infection [8, 14], whereas CRP levels increase dur-
ing the first 6 h [24, 25]. Several studies have shown that 
PCT is a stable marker, even after death [13–15]. CRP lev-
els can be measured up to 48 h postmortem [25], whereas 
PCT testing can be performed up to 140 h after death [10, 
14]. We observed that low CRP blood levels (< 10 mg/L) 
were significantly more frequently associated with death 
from noninfectious causes. Additionally, the median CRP 
blood level did not significantly differ depending on infec-
tion status. Thus, our results suggest that CRP may not be 
as discriminating as PCT in SUDI.

In our population, the median PCT level differed sig-
nificantly among those who died from bacterial and viral 
infections and those who died from other etiologies. “It is 
generally assumed that PCT is good indicator for bacterial 
infection only, although there are reports of increased PCT 
in viral infection as well, and we observe an increase PCT 
blood value in both bacterial and viral infections. We also 

Fig. 1   Flow chart SUDI (sudden 
unexpected death in infancy), 
PCT (procalcitonin)
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notice a numerous cases of bacterial and virus coinfection.” 
A PCT threshold above 0.2 or 0.5 µg/L was discriminant, 
potentially helping clinicians obtain relevant samples when 
exploring SUDI cases.

Downes et al. observed that PCT is a better marker than 
CRP for detecting sepsis and guiding antibiotic discontinu-
ation in children [26]. Wacker et al. conducted a system-
atic review and meta-analysis and concluded that PCT is 
a predictive biomarker, revealing an association between 
PCT and infection status of 0.85 [27]. Kim et al. focused on 
pediatric bacterial meningitis. PCT is an accurate marker 
for diagnosing meningitis and reducing unnecessary antibi-
otic prescriptions and course durations, with an area under 
the curve value of 0.921 [28]. Stassi et al. reported in a 

systematic review that a CRP blood level > 10 mg/L and a 
PCT blood level > 2 µg/L indicate infection [29]. This review 
focused on sepsis and did not consider all types of infection. 
However, the reported association between PCT and CRP 
is interesting.

The above findings are consistent with the sensitivity of 
PCT as a marker in children; however, medical history and 
physical and microbiological examinations should not be 
overlooked. Furthermore, from a forensic perspective, an 
elevated blood PCT level is a key indicator that the cause of 
death was not criminal. We intended to determine whether 
PCT is a good marker in SUDI. In our study, the PCT blood 
level was a sensitive marker associated with postmortem eti-
ology. When PCT is increased, practitioners should perform 

Table 2   Comparison of infection vs. non infection–related SUDI

Infected group (N = 158) Uninfected group (N = 382) P value

Demographic data and medical history of patients
   Male sex — n/N, % 74/157, 47.1% 166/381, 43.6% 0.45
   Gestational age (weeks) — median (Q1–Q3) 38.9 (37.4–40.4) 39.3 (37.4–40.3) 0.42
   Age (days) — median (Q1–Q3) 144 (81.2–297) 107 (58–182.8)  < 0.001
   Weight (g) — median (Q1–Q3) 6520 (5140–8928) 5910 (4205–7398)  < 0.001
   Height (cm) — median (Q1–Q3) 64 (58–74) 61.5 (55–68) 0.002
   Chronic disease — n/N, % 19/158, 12% 45/382, 11.8% 0.94
   Occurred during winter — n/N, % 49/158, 31% 104/382, 27.2% 0.37
   Signs of dehydration — n/N 18/146, 12.3% 15/340, 4.4% 0.001
   Purpura — n/N, % 6/140, 4.3% 5/323, 1.5% 0.07
   Medical consultation in the 72 h before death — n/N, % 46/93, 49.5% 46/138, 33.3% 0.014
   Clinical manifestations during the 72 h before death — n/N, % 101/153, 66% 164/369, 44.4%  < 0.001

Infection
   Bacterial documentation — n/N, % 84/155, 54.2% 123/363, 33.9%  < 0.001
   Virological documentation — n/N, % 86/151, 56.9% 148/361, 41%  < 0.001
   ENT infection — n/N, % 34/158, 21.5% 23/382, 6%  < 0.001
   Respiratory infection — n/N, % 63/158, 39.9% 69/382, 18%  < 0.001
   Bacteremia — n/N, % 39/158, 24.7% 0/382, 0%  < 0.001

Blood chemistry
   White blood cells (Giga/L) — median (Q1–Q3) 15.9 (9.9–25.3) 16.5 (11.3–22) 0.76
   C-reactive protein (mg/L) — median (Q1–Q3) 34 (24–56.5) 20 (16.5–47.5) 0.054
   Hemoglobin (g/dL) — median (Q1–Q3) 10.4 (7.3–12.8) 10.6 (8.5–12.9) 0.19
   Urea (mmol/L) — median (Q1–Q3) 5 (3.8–7.1) 4.4 (3.8–5.6) 0.09
   Serum calcium (mmol/L) — median (Q1–Q3) 2.89 (2.32–3.39) 3.08 (2.56–3.51) 0.03
   Creatinine (µmol/L) — median (Q1–Q3) 53 (39–82) 45 (34–65.4) 0.03
    Procalcitonin (µg/L) — median (Q1–Q3) 0.12 (0.06–1.88) 0.08 (0.05–0.11)  < 0.001
   Procalcitonin > 0.5 µg/L — n/N, % 57/158, 36.1% 35/382, 9.2%  < 0.001
   Procalcitonin > 0.2 µg/L — n/N, % 70/158, 44.3% 59/382, 15.4%  < 0.001
   C-reactive protein < 10 (mg/L) — n/N, % 108/147, 73.5% 329/356, 92.4%  < 0.001

Cerebrospinal fluid
   Protein (en g/L) — median (Q1–Q3) 1.25 (0.62–2.54) 1.24 (0.66–2.13) 0.67
   Glucose (mmol/L) — median (Q1–Q3) 1.10 (0.5–2.6) 1.33 (0.6–2.6) 0.29
   Red cells (mm3) — median (Q1–Q3) 64.5 (5.2–594.2) 30 (3–315) 0.21
   White cells (mm3) — median (Q1–Q3) 44 (9–200) 33.5 (8–125.5) 0.16
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microbiological sampling to document early infection and 
conduct exhaustive infection-related sampling during 
autopsy to increase the possibility of detecting an infection; 
typically, during an autopsy, samples are not routinely taken 
from all organs.

One limitation of our study is the small sample size. 
We only included cases with available PCT blood levels, 
and this test was not performed in many cases. Moreover 
PCT blood level is not recommended is case of SUDI in 
France. Despite these guidelines, clinician could decide to 
evaluate PCT blood level, and more frequently when they 
hypothesize an infectious process. A second limitation is that 
the pediatrician may not be informed of the microbiologi-
cal results, as positive test results can take several days of 
culture to obtain. We reviewed all cases twice to determine 
whether an infection was present and avoid misclassification 

and incorrect analyses. Few patients underwent toxico-
logical testing (11.3%), which is surprising since this is an 
important and easy-to-perform test to obtain a differential 
diagnosis. We only classified in the infected group, SUDI 
cases that associate histological element in favor of an infec-
tious process and a microbiological documentation. By this 
method, we hope to limit the risk to consider as non-infected 
a child that died because of an infectious process. We also 
excluded SUDI cases in which PCT blood level was meas-
ured but lack elements to explore infectious status according 
to these two points. But we could have wrongly classified 
some SUDI cases in the non-infected group despite that the 
child died because of an infectious process, for example, in 
case of positive blood culture but in absence of histologi-
cal lesions. In most of these cases, the identified bacteria 
are often associated with a contamination status [30], but 

Fig. 2   Comparison of PCT blood levels after death in the infected and non-infected groups. PCT levels are significantly higher in those with 
infection-related SUDI than in those with SUDI of other etiologies



3936	 European Journal of Pediatrics (2023) 182:3929–3937

1 3

it is possible that the infectious process is not already clini-
cally and macroscopically apparent. This is the third limit 
of our study and demonstrates the importance of having a 
biomarker to suggest the existence of an infectious process 
at the time of death, which could impact the realization of 
multiple samples for histological analyses.

Conclusion

Infection is the leading cause of infant death worldwide. 
Infection is also the second most common etiology of SUDI 
after asphyxia. PCT testing may be a useful tool in research 
on the etiology of SUDI. The PCT blood level is a valu-
able and sensitive postmortem biomarker; increased PCT is 
associated with infection. PCT testing could be generalized 
to all cases of SUDI to research evidence of infection. A pro-
spective study with a specific autopsy program for patients 
with increased PCT blood levels could determine whether 
PCT-level testing can increase the detection of infections and 
improve microbiological documentation.
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