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Abstract 

Despite progress in reducing the infant mortality in India, the neonatal mortality decline has been slower, necessitat-
ing concerted efforts to achieve Sustainable Development Goal-3. A promising strategy aiming to prevent neonatal 
sepsis in high-risk, vulnerable, low birth weight neonates through an innovative intervention includes probiotic 
supplementation. This article communicates the decision by the ProSPoNS trial investigators to establish a Central 
Endpoint Adjudication Committee (CEAC) as an addendum to the protocol published in Trials in 2021 for the pur-
pose of clarifying the primary outcome. In the published protocol, the study hypothesis and primary objective 
are based on “sepsis,” the primary outcome has been specified as sepsis/PSBI, whereas the sample size estimation 
was performed based on the “physician diagnosed sepsis.” To align all the three above, the investigators meeting, 
held on 17th–18th August 2023, at MGIMS Sevagram, Wardha, deliberated and unanimously agreed that “physician 
diagnosed sepsis” is the primary study outcome which includes sepsis/PSBI. The CEAC, chaired by an external subject 
expert and members including trial statistician, a microbiologist, and all site principal investigators will employ four 
criteria to determine “physician diagnosed sepsis”: (1) blood culture status, (2) sepsis screen status, (3) PSBI/non-PSBI 
signs and symptoms, and (4) the clinical course for each sickness event. Importantly, this clarification maintains con-
sistency with the approved study protocol (Protocol No. 5/7/915/2012 version 3.1 dated 14 Feb 2020), emphasizing 
the commitment to methodological transparency and adherence to predefined standards. The decision to utilize 
the guidance of a CEAC is recommended as the gold standard in multicentric complex clinical trials to achieve con-
sistency and accuracy in assessment of outcomes.
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Background
A protocol has been published for the ongoing phase 
III multicenter randomized double-blind placebo-con-
trolled trial (ProSPoNS trial) evaluating the role of pro-
biotics (Vivomixx) in the prevention of neonatal sepsis 
in 0–2-month-old Indian infants [1]. The trial is based 
on our previous pilot study that enrolled 1340 low birth 
weight neonates [2], showing an overall 21% non-sig-
nificant reduction in the incidence of suspected sep-
sis diagnosed by field investigators using the possible 
serious bacterial infection (PSBI) (definition of WHO/
UNICEF) [3] to detect suspected sepsis in the trial. 
However, in a non-pre-specified sub-group analysis 
among infants 1.5–2.00 kg, a 71% reduction in the inci-
dence of sepsis in the intervention arm was observed. 
These results formed the rationale for the current trial, 
aiming to look for conclusive evidence of the poten-
tial benefit of the probiotic intervention. The technical 
advisory group (TAG) of the Indian Council of Medical 
Research (ICMR) suggested planning and implement-
ing a larger trial with a sufficient sample size and a spe-
cific definition of the primary outcome “sepsis” since 
the PSBI definition used earlier was considered lacking 
in specificity. Subsequently, an application to the UKRI 
JGHT call 8 was made with success [4].

In the ProSPoNS trial, we opted for a strict defini-
tion of the primary outcome “sepsis” defined as one or 
more clinical signs suggestive of sepsis with a micro-
bial isolate on blood culture or a neonate with ster-
ile blood culture with at least 2 sepsis screen markers 
being abnormal (CRP > 12 mg/L, absolute neutrophil 
count < 1500/mm3, TLC < 5000/mm3, ESR > 15 mm, 
immature to total neutrophil ratio > 0.2).

Our second primary outcome in the trial was a pos-
sible serious bacterial infection (PSBI) as defined by 
WHO UNICEF. We used the data on “physician-diag-
nosed sepsis” [2] from the pilot trial to calculate the 
sample size for the ProSPoNS trial.

Secondary outcomes include (1) stool colonization 
patterns at baseline day 0, day 21, and 60 (end of the 
study) in a subsample. (2) Death and late-onset sepsis: 
comparison of all-cause deaths and late-onset sepsis 
between the intervention and control groups. (3) Clini-
cal severe infection: one or more clinical signs—not 
feeding well, fever (temperature ≥ 38 °C), low body 
temperature (< 35.5 °C), severe chest in-drawing, move-
ment only when stimulated as confirmed by the study 
physician. (4) Critical illness: one or more of clinical 
signs—convulsions, unable to feed at all, no move-
ment on stimulation, unable to cry, bulging fontanelle, 
and cyanosis as confirmed by the study physician. 
Lastly, the cost-effectiveness/utility of the probiotics 

intervention vs control is being taken up as a sub-study 
to help inform policy for the prevention of neonatal 
sepsis.

The protocol [1] outlined the following:

• The IP administration compliance check and safety 
follow-up/screening for morbidities will be con-
ducted in the community by field workers trained on 
IMNCI (2019) [5] guidelines.

• The participant would be followed up daily in the 
first week of life, thrice per week during weeks 2–4 of 
life, and weekly once in the second month of life.

• Field workers will be trained to screen and detect 
sick infants as per PSBI protocol. In case of any com-
plaints, the field worker will accompany the parents 
with their infant(s) to the site hospital for further 
examination by the study investigator.

• A sepsis screen and blood culture would be per-
formed to diagnose neonatal sepsis and appropriate 
treatment would be provided as per the hospital or 
the study protocol.

In this article, we communicate the decision of the 
ProSPoNS trial investigators to form a Central Endpoint 
Adjudication Committee (CEAC) as an addendum to the 
original published protocol in “Trials 2021.” We explain 
the reasons for coming to this decision by highlighting 
the challenges faced in trial implementation, the het-
erogeneity across sites in diagnosis of sepsis, and the 
academic variability in the definition of sepsis in the neo-
natal/young infant population.

Definition of neonatal sepsis
Neonatal sepsis is commonly termed as an infection 
involving the bloodstream in newborn infants less than 
28 days old. Diagnosis of sepsis in newborns is not easy 
due to the lack of a uniform definition of sepsis, unlike in 
children and adults where they are labeled as either “cul-
ture positive sepsis” or “clinical sepsis” [6]. The newborns 
suspected of sepsis based on maternal or peri-natal risk 
factors may be administered antibiotics, but their clinical 
course, sepsis screen and blood cultures if not suggestive 
of sepsis, are then labeled as “no sepsis” after 3 days.

Researchers/academicians recognize the problem of 
defining neonatal sepsis and lay down ground rules/
SOPs [7, 8] for a working definition in studies and have 
discussed cases labeled as “culture negative sepsis” (sus-
pected cases where despite sample collection bacteria 
may not grow because of several factors such as the tim-
ing of collection, bacterial load, and prior antibiotic con-
sumption). The term “culture negative sepsis” has been 
explained based on the following criteria given below:
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1) Symptomatology suggestive of sepsis or at least two 
maternal risk factors.

2) Individual sepsis screen markers namely total leu-
cocyte count (TLC) and absolute neutrophil count 
(neutropenia) were considered. The ability of C-reac-
tive protein (CRP) as a marker of late-onset sepsis 
(LOS) remains controversial in literature [9].

3) The clinical course of the disease where there is no 
other explanation for the symptoms can then be 
attributed to sepsis.

At the beginning of the study, it was assumed that 
blood culture-positive sepsis is the gold standard method 
of diagnosing neonatal sepsis. However, on completion of 
the microbiological tests, results yielded 30–40% of cases 
of culture positives. Therefore, it is not incorrect to say 
that it cannot reliably rule out sepsis. Reported rates of 
“culture-negative” or “suspected” sepsis vary widely in the 
literature. While some experts advocate considering sep-
sis evaluations completed after 48–72 h of negative blood 
cultures, data available from two large randomized con-
trolled trials (RCTs) in recent years [10, 11] show culture-
negative sepsis rates of 56% and 46%, respectively. By 
reviewing all morbidity cases individually, the CEA com-
mittee would take into consideration the culture negative 
reports and the contaminants with a balanced view.

Rationale for central endpoint adjudication
The protocol specifies that if any illness is detected by a 
field investigator during follow-up, he should assess and 
classify the event and immediately escalate the event to 
the study physician. The study physician will manage the 
event as required, confirm the outcome classification, 
and suggest if blood sample collection is required or not. 
However, field implementation brought to light the real-
ity that this algorithm of event referral and classification 
was not followed uniformly due to various reasons such 
as the parents being unwilling to visit study hospital after 
referral of their child, the parents were reluctant to visit 
the study site for minor complaints such as only fever, or 
in some cases the parents refused a blood sample collec-
tion of their child for such complaints. In other scenar-
ios, the parents preferred taking treatment for their child 
from private practitioners.

In some scenarios where the participant went to pri-
vate practitioners, sepsis testing was done irrespective 
of the protocol requirement and these samples tested 
positive without any clinical signs or symptoms. The 
proportion of COANS sepsis was observed to be high. 
There were instances where the blood culture tested 
positive when there was no clinical correlation with 
sepsis. Due to the above reasons, the rules set within 
the protocol may not hold true in all cases. Therefore, 

to eliminate under-reporting or over-reporting of 
events and accurately documenting the outcome as 
“sepsis,” the process of clinical end point adjudication is 
being adopted as a mid-course correction in the study.

Central Endpoint Adjudication Committee for final 
primary outcomes
Central adjudication plays a key role in achieving con-
sistent, accurate, independent, unbiased, and blinded 
evaluation of suspected clinical events reported by 
investigators in multicenter/large clinical trials [12]. It 
helps in the prevention of misclassification of outcomes 
in clinical trials that can lead to biased estimates of 
treatment effect and reduced power. Ensuring appro-
priate adjudication methods to minimize outcome 
misclassification is therefore, essential [13]. The adju-
dication committee will look at these cases in an unbi-
ased and blinded manner.

In the course of trial implementation, it was felt that 
clarity about the primary study outcome definition 
needed to be documented explicitly before study comple-
tion or unmasking of the trial data. In the published pro-
tocol [1], the study hypothesis and primary objective are 
based on “sepsis,” the primary outcome has been speci-
fied as sepsis/PSBI, whereas the sample size estimation 
was performed based on the “physician diagnosed sepsis.” 
To align all the three above, the investigators meeting, 
held on 17th–18th August 2023, at MGIMS Sevagram, 
Wardha, deliberated and unanimously agreed that “phy-
sician diagnosed sepsis” is the primary study outcome 
which includes sepsis/PSBI. We propose a central end-
point adjudication process in order to align the primary 
objective and outcome with the stated hypothesis, and 
for enumeration of the primary outcomes listed across all 
six sites of the trial.

“Physician diagnosed sepsis” will be decided by the 
Central Endpoint Adjudication Committee (CEAC) 
based on four criteria for every event of sickness in a 
study participant namely blood culture status, sepsis 
screen status, PSBI/non-PSBI signs and symptoms, and 
the clinical course during the event of sickness including 
use of antibiotics.

The CEA committee will be chaired by one external 
subject expert and shall consist of all site PIs, trial stat-
istician, and microbiologist. The CEA committee will go 
through every event of sickness based on these four cri-
teria and make a decision regarding whether that event 
of sickness would be classified as “physician diagnosed 
sepsis” or not.

The above clarification does not make any change to 
the approved study protocol (Protocol No. 5/7/915/2012 
version 3.1 dated 14 Feb 2020).
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The process of adjudication
The preparatory activity for adjudication involves data 
cleaning and finalizing the data to be shared with the 
adjudication committee. It will be followed by creat-
ing a data set with the details of participants and all the 
episodes of morbidities as subfolders in chronological 
order. The aim of creating a data set is to summarize and 
provide a complete clinical course of the event as well 
as the participant. All the forms (adverse event (AE), 
serious adverse event (SAE), follow-up by field inves-
tigator (FUP), study physician assessment form (SPF), 
concomitant medication form (CONMED), investiga-
tional product compliance (IPC), maternal history, and 
birth history) related to a particular event, especially the 
outcome-related variables of the data, would be retrieved 
and linked to generate a final summary/narrative of the 
cases. A statistical programming language “R” would be 
used to complete this activity.

The adjudication process involves three steps. In the 
first step, a team of the site investigators will assess their 

own data; they will revisit, assess, and finalize the clas-
sification of the outcomes. In second step, the site data 
of one site will be independently assessed by a team of 
another site investigators and the outcomes will be clas-
sified. Following the first two steps, there will be cer-
tain cases where the classification of outcomes by both 
the investigators will be in agreement and a few cases 
where it will be in disagreement. The disagreement will 
be resolved in third step, where the CEA chairperson will 
review all the discordant cases and finalize the outcome 
classification.

Furthermore, the CEAC will also randomly review 25% 
of concordant cases for adjudication to validate the clas-
sification (Fig. 1).

Examples of 10 scenarios observed in the trial 
for the adjudication process

 1. SAEs with hospitalization
 2. AEs with antibiotic administration

Fig. 1 Adjudication process of ProSPoNS trial (CONMEDs, concomitant medications; SP, study physician form (designation wrt ProSPoNS study); 
SAE, serious adverse event; eCRFs, electronic case record forms; PSBI, possible serious bacterial infection; CEAC, Central Endpoint Adjudication 
Committee)
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 3. Blood culture—positive cases with no antibiotic 
treatment

 4. Sepsis screen positives with no antibiotic treatment
 5. Both blood culture and screen positives with no 

antibiotic treatment
 6. Sepsis positive cases without SAE
 7. Culture/sepsis positive but not PSBI by with/with-

out sign/symptoms
 8. Culture/sepsis negative with PSBI with antibiotic 

treatment
 9. All death cases
 10. Death cases after hospitalization

Challenges in multicentric trials involving neonates
COVID‑19 pandemic
In the year 2020, the world was hit by the COVID-19 
pandemic; the first cases appeared in India in March 
2020, coinciding with the launch of the preparatory 
phase of the trial implementation. COVID-19 pandemic 
hampered all the trial-related activities. There was risk 
and fear of disease among the participant’s parents, com-
munity, and the study team. The strict government regu-
lations of social distancing and travel restrictions were 
in place. This was a major limitation for site initiation, 
enrollment, and follow-up. In order to not deviate from 
the committed timelines, we decided to adopt an online 
mode of functioning for the preparatory phase activities 
such as training of staff, the site readiness/feasibility vis-
its, the investigator’s meetings, and the site initiation vis-
its. Under normal circumstances and as per good clinical 
practices, the above activities are expected to be con-
ducted physically. This was in line with the International 
Council for Harmonization of Technical Requirements of 
Pharmaceuticals for Human Use integrated addendum 
to ICH E6(R1): Guideline for good clinical practice ICH 
E6(R3) [14]. For the conduct of the study, COVID-19 
precautions/guidelines were developed and circulated to 
the site teams; the study staff was delegated and strictly 
instructed to adhere to the guidelines. The participant’s 
parents were informed and requested to follow the pre-
ventive measures for the disease.

However, this was challenging and required a lot of 
effort from participants as well as trainers to successfully 
conduct the implementation phase activities.

Heterogeneity/extreme variation across sites
The trial steering committee observed variation in the 
morbidity pattern (adverse events, severe adverse events) 
across the study sites, with one outlier each in both direc-
tions. Adverse events (AEs): SMC 38.4% and JIPMER 
4.4%; serious adverse events (SAEs): KEM 7.4% and 
AIPH 1.4%.

This could be due to the sites being systematically dif-
ferent from one another, e.g., due to differences in patient 
populations, ancillary treatment practices, or other fac-
tors [15]. Repeated quality assurance measures such as 
retraining of staff, review of process indicators at the sites 
as well as monitoring visits by the clinical trial moni-
tors were conducted to have uniform identification and 
reporting of cases across all sites could not result in sub-
stantial changes in the observed morbidity pattern during 
trial implementation. The number of AE cases reported 
specifically at the JIPMER, Puducherry site and SAE 
cases reported at AIPH, Bhubaneswar, is lower than the 
other five sites, respectively.

Regulatory and ethical committee approvals (study sites)
It was a complex and time-consuming process of obtain-
ing multi-layered administrative, regulatory, and ethi-
cal approvals for sponsors as well as participating sites. 
Differences in approval requirements and timelines fur-
ther cause delayed study initiation/implementation. The 
COVID-19 pandemic affected the EC’s functioning, 
resulting in sparse meetings.

The different site-specific EC requirements, variation 
between sites demanded several rounds of revisions and 
close coordination with the site investigators. The spon-
sor collaborated with a regulatory expert to mitigate the 
regulatory submission and approval challenges. The site 
readiness was assessed before initiation, and the CRO 
team catalyzed the EC submission process by actively fol-
lowing up with the sites.

Recruitment challenge
There was some variability in the recruitment pattern 
across sites. Despite all efforts, the same pattern per-
sisted throughout the implementation phase. Some of 
the primary reasons for low recruitment rate in the trial 
observed by us were the disruption of the obstetric ser-
vices due to COVID-19 priority, lower delivery rate 
of LBW infants, potential participants from out of the 
study catchment areas, competing studies at particu-
lar sites, and lack of engagement [16]. Recruitment at 
SMC, Meerut site at 22.9% was the highest, and JIPMER, 
Puducherry 11.7% was the lowest.

Less than optimum recruitment at the study site is 
referred to as “research waste” in view of the time and 
money spent to build the site [11]. The recruitment was 
delayed by an average of 8.2 months from the anticipated 
time line, across all the study sites, and this varied from 
11 to 3.5 months. A review of trials funded and published 
by the UK’s Health Technology Assessment program 
has reported that recruitment patterns in multicenter 
randomized trials fit more closely to Price’s Law (50% of 
participants are recruited by the square root of the total 
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number of sites), than the Pareto Principle (80% of par-
ticipants are recruited by 20% of sites) [16].

The trialists can hope for uniform recruitment across 
the sites in an ideal condition [16, 17]; however, this is 
difficult to achieve.

Complex multicenter design
The randomized controlled trial (RCT) is the gold stand-
ard experimental design for assessment of interventions 
[4]. The multicenter trial design allows for faster recruit-
ment over time; recruitment from different populations 
maximizes the generalizability [5]. However, the use of 
multiple clinical sites introduces complexity in clinical 
trials [18, 19] as they differ in geographical location, set-
ting, distances to health care facilities, socio-economic 
factors, morbidity patterns, and ancillary treatment prac-
tices [20].

Discussion
In the ICMR’s pilot trial, neonatal sepsis was detected 
using the Integrated Management of Neonatal and Child-
hood Illness (IMNCI) algorithm, a widely used clini-
cal tool. It identifies possible serious bacterial infection 
(PSBI) based on a set of clinical signs. However, the study 
physician determined the final sepsis diagnosis after 
considering the clinical course, treatment received, and 
blood culture results (Table 1).

In contrast, the ProSPoNS trial employed a more strin-
gent definition of sepsis, which was defined as the pres-
ence of one or more clinical signs suggestive of sepsis 
along with positive blood culture or, in the case of ster-
ile blood culture, at least two abnormal sepsis screen 
markers. However, in due course of study, it was found 
that these definitions were very sensitive and may have 
resulted in misclassification of outcomes in few cases. 
Also due to multicentric nature of the study, it is likely 
to occur across all sites and may lead to give wrong inter-
pretation about efficacy of the intervention.

In the study protocol, hypothesis and primary objec-
tive are based on sepsis; sample size estimation has been 
performed based on the “physician diagnosed sepsis”; 
and the primary outcome has been specified as sepsis/
PSBI. To align all the three above, the investigators meet-
ing, held on 17th–18th August 2023, at MGIMS Seva-
gram, Wardha, deliberated and unanimously agreed the 
“physician diagnosed sepsis” is the primary study out-
come which includes sepsis/PSBI. The CEAC’s role in the 
ProSPoNS trial is to determine the outcome of “physician 
diagnosed sepsis” based on blood culture results, sepsis 
screen status, clinical signs of PSBI or non-PSBI, and the 
clinical course during the illness. The CEA is known to 
reduce the misclassification and reduce the bias in out-
come measurement of the study and considered as gold 

standard in clinical trials to achieve consistent and accu-
rate evaluation of clinical events.

The ProSPoNS trial is a multicenter clinical trial ongo-
ing at six sites across India. Complexity occurs in three 
dimensions in clinical trials: the protocol, the opera-
tions, and the potential for unanticipated change. Trials 
with complexity in any of these domains need special 
flexibility to easily adapt to the emerging variability [21]. 
The heterogeneity observed in the trial may be a reflec-
tion of genuine differences in the rates of neonatal sepsis 
between southern and northern populations of India and 
elsewhere as mentioned in the literature [22–25].

A review of the literature suggests considerable het-
erogeneity in the definitions of neonatal sepsis [26]. A 
related problem in these definitions is the use of subjec-
tive criteria, absence of validation leading to inability of 
comparison and generalizability. Most notably, there is 
a focus on microbiological culture for definitive diagno-
sis, and thereby reliance on bacteriological isolation and 
not sepsis per se. The definition of adult sepsis relies on 
multi-organ impairment and not on bacterial isolation 
alone [27]. A systematic review [26] identified 128 defi-
nitions from 80 RCTs after searching 688 articles. The 
single most common definition of neonatal sepsis was 
defined by blood culture alone (n = 35), followed by cul-
ture and clinical signs (n = 29), and then laboratory tests/
clinical signs (n = 25). Blood culture featured in 83 defini-
tions, laboratory testing featured in 48 definitions, while 
clinical signs and radiology featured in 80 and 8 defini-
tions, respectively.

Additionally, we have examined the certainty of evi-
dence from Cochrane systematic reviews on neona-
tal sepsis (personal communication; presented at the 
Cochrane colloquium 2023). Eight out of 11 Cochrane 
reviews reported low to very low certainty of the evi-
dence [28] for reasons of indirectness and inconsist-
ency, including inconsistency in how neonatal sepsis was 
defined in the studies [27, 29–33].

Conclusion
In conclusion, the ProSPoNS trial, a multicenter trial 
being implemented across India, encountered significant 
challenges in its implementation and the necessity for 
an amendment that was unforeseen. Amid the COVID-
19 pandemic, adopting online modes for training and 
monitoring aligned with the international guidelines 
posed additional challenges, necessitating considerable 
efforts from participants and trainers. Addressing these 
challenges and standardizing the definition of neonatal 
sepsis would ensure the validity of the trial and research 
outcomes. We hope that by constituting a CEAC and 
processing each morbidity case through their scrutiny 
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will help mitigate misclassification and lead to unbiased 
measurement of the outcome.
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