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Abstract

Objective: To assess the diagnostic utility of CRP and CBC parameters taken on admission for early screening of neonatal sepsis in a

single center from the United Arab Emirates (UAE).

Methods: A retrospective chart review was conducted to retrieve the data of all preterm infants who were admitted to Latifa Hos-
pital in Dubai through the period from January to December 2014. Data of 471 infants (257 males, 214 females) were retrieved and

analyzed.

Results: For culture-proven sepsis, CRP had a sensitivity of 60%, specificity of 90%, positive predictive value (PPV) of 19%, and nega-
tive predictive value (NPV) of 98%. For clinical sepsis, CRP had an overall sensitivity of 48.6%, overall specificity of 94%, and overall
PPV and NPV values of 53.9% and 92.7%, respectively. The total leucocytic count (TLC) and absolute neutrophil count (ANC) showed
an overall sensitivity of 15% and 10% for culture-proven neonatal sepsis, respectively. On the contrary, specificity numbers for TLC
and ANC were decent for both culture-proven and clinical sepsis. For culture-proven sepsis, a low platelet count had a sensitivity of
55%, with a specificity of 84.5%. For clinical sepsis, low platelet count had a sensitivity of 42.9%, a specificity of 87%, and PPV and
NPV values of 32.2% and 91.4% for overall neonatal sepsis. The in-hospital mortality rate was 7.6%.

Conclusion: None of the primary sepsis screening investigations has adequate sensitivity for early detection of neonatal sepsis. At

the same time, CRP only exhibits decent specificity in neonates with suspected sepsis.
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Introduction

Neonatal sepsis is a prevalent disorder affecting neonates and exerting a substantial burden on the patients and healthcare system.
The condition is universally defined as infection-mediated hemodynamic changes that lead to severe morbidities and a high risk of mor-
tality, which occurs during the first 28 days of life [1]. Classically, neonatal sepsis is classified according to its onset into early-, happening
within 72 hours from birth, and late-onset sepsis, emerging with the 3™ to 28" day of delivery [2]. According to recent epidemiological

figures, the global incidence of neonatal sepsis is nearly 2800 new cases per 100,000 live births, with a notably higher incidence in low
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and middle-income countries (almost 3900 new cases per 100,000 live births) [3]. In the Gulf region, it was estimated that the incidence
of late-onset sepsis is nearly 1160 per 100,000 live births [4]. Various risk factors are implicated in the development of neonatal sepsis,
including fetal (such as prematurity and fetal distress) and maternal (such as chorioamnionitis and local bacterial colonization) factors
[5]. In particular, premature infants are 3-10 times at higher risk of developing neonatal sepsis due to low birth weight, higher risk of
perinatal infections, and suboptimal levels of maternal IgG [1]. The causative organisms of neonatal sepsis vary depending on the type of
sepsis and characteristics of the local settings, with group B streptococcal (GBS) and coagulase-negative staphylococci (CONS) account
for the majority of early- and late-onset sepsis, respectively [6,7]. Neonatal sepsis is a leading cause of neonatal mortality, particularly in
preterm infants, with a reported mortality rate of 17.6% [3]. Besides, neonatal sepsis is an independent risk factor for long-term compli-

cations, such as cognitive impairment and visual and hearing defects [8].

Despite neonatal sepsis imposing a high risk of serious complications, its diagnosis is still challenging. The early signs of sepsis in
affected neonates are vague and nonspecific [9]. Besides, many routine laboratory findings yield low diagnostic performance for the
early detection of neonatal sepsis [10]. Although blood culture is considered the gold standard tool for diagnosing neonatal sepsis, some
patients can present with negative culture due to several factors, such as maternal antibiotic use [8]. On the other hand, the use of cere-
brospinal fluid (CSF) and urine cultures is controversial and yielded low diagnostic accuracy in the early stage of sepsis [11]. Thus, it is

imperative to develop new, simple, and readily available markers with high diagnostic accuracy for early screening of neonatal sepsis.

Recently, several investigators assessed the diagnostic value of C-reactive protein (CRP) in the early screening of neonatal sepsis.
Previous reports showed that a high CRP level was a sensitive biomarker for detecting neonatal sepsis within 24 - 28 hours from disease
onset [12]. Besides, CRP was found to have a predictive utility in assessing the response to treatment [13]. The diagnostic performance
of complete blood count (CBC) parameters was also evaluated for screening of neonatal sepsis, with wide controversies in the reported
results [1]. Moreover, not only are there existing controversies pertaining to clinical and laboratory diagnosis of neonatal sepsis among

term infants, the scenario is even more unclear when it comes to preterm neonates.

Aim of the Study

Thus, we performed the present retrospective study to assess the diagnostic utility of CRP and CBC parameters taken upon admission

for early screening of neonatal sepsis in premature neonates in a single center from the United Arab Emirates (UAE).

Materials and Methods

The current retrospective study gained ethical clearance from the Dubai Scientific Research Ethics Committee, UAE and was planned
per the recommendations of the STROBE guidelines [14]. We confirm that none of the study’s procedures violated the main principles of

the Declaration of Helsinki [15]. The need for written informed consent was waived owing to the retrospective nature of the study.
Study design and patients

A retrospective chart review was conducted to retrieve the data of all preterm infants who were admitted to the neonatal ICU unit of
Latifa Hospital in Dubai through the period from January to December 2014. Infants were included in the present study if their gestational
age was less than 37 weeks. Data were retrieved only if complete records of CRP level, CBC parameters, blood cultures and clinical condi-
tion of the included neonates were available at the time of data collection. Initially, a total of 510 preterm infants were screened. Of them,

data of 471 infants (257 males, 214 females) were retrieved and analyzed.
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Data collection

Data of eligible patients were collected using an online electronic form and included the following: age, gender, nationality, birth
weight, maternal characteristics (such as parity, GBS status, history of chorioamnionitis, and the mode of delivery), signs and symptoms
of sepsis, CBC values at admission, CRP value at admission, blood culture findings, antibiotics received and duration of treatment, need for
ventilation/surfactant, ICU stay, mortality. At our institution, the CRP is mainly measured using immunochemical assay (Nycocard Reader
[I™, Immunochemical assay), with a positive CRP value defined as > 10 mg/L. The CBC values were obtained using UniCelDxH 800 Coulter
Cellular Analysis System™, in which low total leucocytic count (TLC < 5000/mm?), low absolute neutrophil count (ANC < 1500/mm?), and
low platelet counts (< 150000/mm?3) were considered abnormal. Culture positive sepsis was defined as positive blood and/or CSF and/
or urine culture along with signs and symptoms attributable to sepsis. Clinical sepsis was defined as presence of symptoms and signs re-

lated to neonatal sepsis in absence of any other identifiable cause of the existing symptomatology and positive blood/body fluid cultures.
Study’s outcomes

The primary outcome of the present study was the diagnostic performance of CRP in predicting clinical and culture-proven sepsis in
preterm neonates. The secondary outcomes included the diagnostic performance of CBC values in predicting clinical and culture-proven

sepsis in preterm neonates and the predictors of mortality in preterm infants with culture-proven sepsis.
Statistical analysis

The statistical software SPSSS (IBM SPSS™ Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.) was used for data processing
and analysis. According to the normality of data distribution, the central tendency and variability of the numerical data were presented
in the form of mean *standard deviations (SD) or median with interquartile range (IQR). Frequency counts and percentages summarized
categorical variables. The diagnostic performance of CRP and CBC values were assessed in terms of sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV). The hypothesis of significant association between mortality and other variables
was tested using the Mann-Whitney test and the Chi-square test, with Fisher exact correction when needed. P-value <0.05 was regarded

as statistically significant.

Results

The study was performed on 471 preterm neonates who fulfilled the inclusion criteria, with a male to female ratio of 1.2: 1. One-
hundred and sixty-three (36.6%) infants were born between 28 and 32+6 weeks, and 241 (51.2%) were born between 33 and 36 + 6
weeks gestational age. The vast majority of infants (76.9%) were born via lower segment Caesarean section. A total of 251 babies (53.3%)
were born with low birth weight (1.5 - 2.49 kg), 81 babies (17.2%) with very low birth weight (1 - 1.49 kg), and 74 babies (15.7%) with
extremely low birth weight (< 1 kg). During hospitalization in NICU, 37.4% of the sample under study (176 babies) required intubation
and full mechanical ventilation, and 31.8% (150 babies) required non-invasive ventilation. Besides, 32.5% of the patients under study

required the administration of surfactant during hospitalization (Table 1).

Variables, No. (%) Infants (= 471)
Males 257 (55%)
Gestational age
Less than 28 weeks 69 (14.2%)
28 - 32+6 weeks 163 (36.6%)
33 - 36+6 weeks 241 (51.2%)
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Mode of delivery
NVD 109 (23.1%)
LSCS 362 (76.9%)
Birth weight
Normal 58 (12.3%)
Low Birth Weight 251 (53.3%)
Very Low Birth Weight 81 (17.2%)
Extreme Low Birthweight 74 (15.7%)
Not Available 7 (1.5%)
Ventilation
Invasive 176 (37.4%)
Non Invasive 150 (31.8%)
Not Ventilated 145 (30.8%)
Surfactant requirement
Given Surfactant 153 (32.5%)
Not Given Surfactant 316 (67.1%)
Not Available 2 (0.4%)

Table 1: Demographics of neonatal data.

In terms of maternal data, 55.8% of the mothers were in the age ranging between 30 and 39 years. Fifty-seven mothers (12.1%) of
the sample under investigation had premature rupture of membranes more than 18 hours before delivery. Of them, 13 mothers (2.8%)
were reported to have chorioamnionitis associated with fever. Fifty-one (10.8%) mothers tested positive for GBS in the high vaginal swab,
and 41 (8.7%) mothers tested positive for GBS in urine culture. On the other hand, high vaginal swaband/or urine culture showed mixed
growth in 158 mothers (33.5%). Overall, 79 of the mothers in the sample (16.8%) were treated with antibiotics adequately before deliv-
ery (at least 4 hours before delivery), and 24 mothers (5.1%) were treated inadequately with antibiotics (started antibiotics less than 4
hours before delivery) (Table 2).

Variables, No. (%) Mothers (= 471)
Age
> 40 Years 24 (5.1%)
30 - 39 Years 263 (55.8%)
20 - 29 Years 164 (34.8%)
< 20 Years 7 (1.5%)
Not Available 13 (2.8%)
PROM
> 18 Hours Before delivery 57 (12.1%)
< 18 Hours Before delivery 392 (83.2%)
Not Available 22 (4.7%)
Maternal ante/intrapartum antibiotic therapy
Adequate 79 (16.8%)
Inadequate 24 (5.1%)
Not Required 314 (66.7%)
No Available information 54 (11.5%)

Table 2: Demographics of maternal data.
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Within the patients under study, there were two episodes of early culture positive neonatal sepsis (0.42%) and 14 episodes of early
clinical sepsis (2.97%), in comparison to 18 late positive blood cultures (3.82%) and 56 episodes of late clinical sepsis (11.9%) (Figure 1).

Figure 1: Frequency of (A) Infants with neonatal sepsis, and (B) Episodes of sepsis.

CRP had a sensitivity of 50% for early neonatal sepsis, 61% for late neonatal sepsis, and overall sensitivity of 60% for culture-proven
sepsis. The CRP had a specificity of 95% for early neonatal sepsis, 52% for late neonatal sepsis, and overall specificity of 90%. The PPV
and NPV were 4% and 99.7% for early neonatal sepsis, 27.5% and 82% for late neonatal sepsis, and 19% and 98% for overall neonatal
sepsis. For clinical sepsis, CRP had an overall sensitivity of 48.6%, overall specificity of 94%, and overall PPV and NPV values of 53.9%
and 92.7%, respectively (Table 3).

CRP TLC ANC PLT
Culture - proven | Early Sepsis Sensitivity 50% - - 50%
sepsis Specificity 95% 92% 84.4% 86.9%
PPV 4% - - 1.6%
NPV 99.7% 99.5% 99.5% 99.8%
Late Sepsis Sensitivity 61% 37.5% 11% 55.5%
Specificity 52% 95% 90% 65.6%
PPV 27.5% 50% 25% 32.2%
NPV 82% 79.5% 77.4% 83.3%
Total Sensitivity 60% 15% 10% 55%
Specificity 90% 92% 85% 84.5%
PPV 19% 6.8% 2.4% 11.7%
NPV 98.3% 96.7% 96.2% 98%
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Clinical Sepsis Early Sepsis Sensitivity 42.8% 7.1% 14.2% 35.7%
Specificity 96.3% 92% 84.4% 87.7%
PPV 26% 2.6% 2.7% 8%
NPV 98.2% 97% 97% 97.8%
Late Sepsis Sensitivity 50% 8.9% 7.4% 44.6%
Specificity 47.8% 95.6% 88% 73.6%
PPV 70% 83.3% 57.1% 80.6%
NPV 28.2% 30.1% 30% 35.4%
Total Sensitivity 48.6% 8.6% 8.8% 42.9%
Specificity 94% 92% 84.6% 87%
PPV 53.9% 13.6% 7.4% 32.2%
NPV 92.7% 87.5% 86.9% 91.4%

Table 3: Profile of CRP, TLC, ANC and platelet in screening for culture positive and clinical early onset/late onset neonatal sepsis.

TLC and ANC showed an overall sensitivity of 15% and 10% for culture-proven neonatal sepsis, respectively. For clinical sepsis, sen-
sitivity was 8.6% and 8.8% for TLC and ANC, respectively. On the contrary, specificity numbers for TLC and ANC were decent for both

culture-proven and clinical sepsis; 92% and 85%, respectively, for culture-proven and 92% and 84.6%, respectively, for clinical sepsis.

For culture-proven sepsis, low platelet count had a sensitivity of 55%, with a specificity of 84.5%, and PPV and NPV values of 11.7%
and 98% for overall neonatal sepsis. For clinical sepsis, low platelet count had a sensitivity of 42.9%, a specificity of 87%, and PPV and

NPV values of 32.2% and 91.4% for overall neonatal sepsis.

In the present study, the in-hospital mortality rate was 7.6% (36 patients), primarily due to congenital anomalies not compatible with

life, extreme prematurity and prematurity-related complications, sepsis, and suspected inherited metabolic diseases.

Discussion

Neonatal sepsis still represents a diagnostic dilemma for ICU healthcare professionals due to the nonspecific early symptoms and the
lack of well-validated markers for early screening. In the present study, we aimed to assess the diagnostic utility of CRP and CBC param-
eters taken at birth for early screening of neonatal sepsis. Overall, we found that the CRP had low sensitivity and high specificity for the
detection of early and late neonatal sepsis in preterms. On the other hand, the CBC parameters had limited sensitivity and high specificity

for the detection of early and late sepsis in premature neonates.

CRP is a widely used laboratory marker for elevated inflammatory status in a wide range of clinical conditions, including sepsis. The
release of this pentametric protein is induced by elevated levels of proinflammatory cytokines [16]. In neonates, the normal CRP level is
below 1 mg/dL in the neonatal period [17]. Several investigators assessed the diagnostic value of CRP in the early screening of neonatal
sepsis. Previous reports showed that a high CRP level was a sensitive biomarker for detecting neonatal sepsis within 24 - 48 hours from
disease onset [12]. Besides, CRP was found to have a predictive utility in assessing the response to treatment [13]. It was also suggested
that CRP > 10 mg/L is an indicator of sepsis in high-risk groups, such as preterms. We considered that CRP of > 10 mg/L as a cut point to
be considered in this study [18]. We found that in culture-proven sepsis, CRP has a sensitivity of 50% in early sepsis, 61% in late sepsis,
and 60% overall sensitivity (early plus late), with a specificity of 95% in early neonatal sepsis, 53% in late sepsis, and overall specificity of
90% (early plus late). That is much lower sensitivity, with approximately similar specificity compared to other studies, such as Baptista-
Gonzalez HA,, et al. [19], who found that CRP has a sensitivity of 91% and specificity of 93% for diagnosing culture-proven neonatal sep-
sis. Therefore, they accepted that CRP could be used systematically to diagnose neonatal sepsis, being a simple procedure and accessible
for use in newborns suspected of having sepsis. Mannan MA,, et al. [20], also proved a similar concept, with 93% sensitivity for culture-

proven sepsis but a much lower specificity of 36.11%.
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Due to the previously mentioned limitations regarding the positive blood cultures in neonatal sepsis, we further studied the sensitiv-
ity, specificity, positive and negative predictive values for primary screening tests concerning clinical (culture-negative) sepsis, which is
relatively unclear entity. We found that CRP has sensitivity and specificity of 42.8% and 96.3% in early neonatal sepsis, 50%, and 47.8%
for late sepsis, and 48.6% and 94% for overall clinical sepsis (early plus late), respectively, with positive and negative predictive values of
26% and 98.2% in early neonatal sepsis, 70% and 28.2% in late sepsis, 53.9% and 92.7% in overall clinical sepsis, respectively, in com-
parison to the sensitivity of 78.6%, specificity of 62.5%, and positive predictive value of 88% found in the study done by Mannan MA,, et
al [20].

A full blood count is another essential part of primary sepsis screening. In this study, low TLC (< 5000/mm?), low ANC (< 1500/mm?),
and low platelet counts (< 150000/mm?) were considered abnormal. For early neonatal sepsis, low platelet count had the best sensitivity
and negative predictive values for both culture-proven and clinical sepsis. On the other hand, the CBC parameters had limited sensitiv-
ity and high specificity for detecting early and late neonatal sepsis. Such findings run in parallel with two large multicenter studies that
have evaluated the diagnostic value of CBC parameters in early-onset neonatal sepsis. These studies found that low TLC, ANC and relative
neutropenia had low predictive utilities for the detection of neonatal sepsis. In addition, another large multicenter study showed that low

platelet count had inadequate performance to predict late- onset sepsis [21,22].
Limitations of the Study

The present study has some limitations. Most importantly the retrospective nature of the study, with the only source of our informa-
tion was limited to patient records, which led limitation or unavailability of some data. The inherent limitations of a retrospective study in
terms of misclassification and recording bias may be present as well. Another limitation is that the number of culture-proven episodes of
sepsis in the sample under study was very limited, especially for early-onset sepsis. This resulted in the calculated sensitivity and positive
predicted values for some investigations becoming 0%, and this was mainly due to the limited number of episodes. Thus, a larger number
of patients with more episodes of sepsis may be helpful for more accurate results. However, one cannot deny the paucity of data on pre-

term neonatal sepsis from the middle eastern geographic location, and hence on the positive side, our study does contribute to this aspect.
Conclusion

In conclusion, our findings suggested that none of the primary sepsis screening investigations has adequate sensitivity for early de-
tection of neonatal sepsis in preterm infants. At the same time, CRP only exhibits decent specificity in neonates with suspected sepsis.
Thus, diagnosing neonatal sepsis needs a combination of clinical Suspicion coupled with experience and serial readings of primary sepsis
screening laboratory investigations. Further randomized controlled trials are required to find a reliable single marker for early detection

of neonatal sepsis in high-risk infants.
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