Arun Babu et al. Egyptian Pediatric
Egyptian Pediatric Association Gazette (2023) 71:32

https://doi.org/10.1186/543054-023-00178-7 Association Gazette

. . ™
Comparative efficacy of micro-erythrocyte =

sedimentation rate (m-ESR) and C-reactive
protein (CRP) as a neonatal septic screening
marker—a single-center, retrospective
observational study

Thirunavukkarasu Arun Babu'", Arundhathi Shankaralingappa’, Vijayasankar Vijayadevagaran?,
Vijayan Sharmila' and Vinoth Kumar Kalidoss'

Abstract

Background Neonatal sepsis is a clinical syndrome characterized by signs and symptoms of infection with or with-
out accompanying bacteremia in neonatal period. Most of neonatal sepsis-related morbidity and mortality can be
prevented by early diagnosis and treatment with appropriate antimicrobial agents. Micro-erythrocyte sedimentation
rate (m-ESR) is a simple, inexpensive, and rapid screening test for neonatal sepsis that can be done even in resource
limited setups.

Objectives To compare the efficacy of m-ESR with C-reactive protein (CRP) as a screening tool in neonatal sepsis.

Methodology A retrospective chart-based analysis was done in division of neonatology, of our tertiary care hospital
over a period of 21 months. A total of 202 suspected cases of neonatal sepsis with documented CRP and micro-ESR
values were included. We evaluated the role of micro-ESR as a screening tool in neonatal sepsis in comparison with
CRP. The validity and reliability of micro-ESR in comparison to CRP were estimated and its sensitivity, specificity, posi-
tive, and negative predictive value to diagnose sepsis were calculated.

Results There was a significant correlation between micro-ESR and CRP with a moderate degree of agreement, espe-
cially in‘late onset sepsis'group. The overall sensitivity, specificity, positive predictive value and negative predictive
value of micro-ESR were 67%, 84%, 58%, and 89% respectively.

Conclusion Micro-ESR is a simple, inexpensive test comparable to CRP in screening for neonatal sepsis.
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Background
Neonatal sepsis is defined as a clinical syndrome charac-
terized by signs and symptoms of infection with or with-
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morbidity and mortality can be prevented by early diag-
nosis and treatment with appropriate antimicrobial
agents.

The clinical diagnosis of neonatal sepsis is still a chal-
lenge due to non-specific signs and symptoms. This dif-
ficulty is further enhanced by the lack of 100% sensitive
and specific tests for laboratory diagnosis of neonatal
sepsis [4]. A positive blood culture is considered as gold
standard in diagnosis of neonatal sepsis but it has its
own demerits including long turn- around time of about
48-72 h, low yield (30-70%), need for expensive equip-
ment, unavailability in rural areas and resource limited
setups [5]. Other disadvantages of blood culture also
include low sensitivity of this test and false negative
results due to less blood collected from neonates and
prior use of antibiotics [6].

Common laboratory tests currently used for neonatal
sepsis screening include white blood count (WBC), dif-
ferential count (DC), absolute neutrophil count (ANC),
immature/total neutrophil (I/T) ratio, and C-reactive
protein (CRP). However, these traditional sepsis screen-
ing markers have low sensitivity and specificity, often
falsely positive in other neonatal conditions such as
asphyxia, meconium aspiration, and prolonged rupture
of membrane. There are many novel biomarkers pro-
posed to predict neonatal sepsis like procalcitonin, IL
6, IL-8, procalcitonin, and CD11b, but are not routinely
used due to many factors including lack of definite evi-
dence, high cost and not freely available in most of the
laboratories [7].

Micro-ESR is widely used as screening tests for neo-
natal sepsis and has for long been recognized as a useful
investigative tool [8]. It is a simple bedside test done with
heparizined capillary tube and can be done easily even
in remote, resource limited and primary care setups.
Traditionally, the cut off for normal micro-ESR is taken
as value of day of life plus 3 mm/h for neonates aged
0-14 days; and greater than 15 mm at the end of one
hour for neonates aged 15-28 days [9]. However, very
minimal data is available regarding its validity in neonatal
sepsis. This study was done to evaluate the role of micro-
ESR as a screening tool in neonatal sepsis and to compare
micro-ESR with CRP values in neonatal sepsis.

Methods

This retrospective chart-based analysis was done in the
division of neonatology, of our tertiary care hospital over
a period of 21 months from August 2017 to May 2019.
Institute ethical committee clearance was obtained
before commencement. All suspected cases of neonatal
sepsis with documented CRP and micro-ESR value in the
case sheet were included for analysis. Cases with addi-
tional co-morbidities like preterm babies (Gestational
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age<37 weeks), anemia (Hb<10 gm%), polycythemia
(Hb>20 gm%), heart disease, major anomalies were
excluded. Basic demographic and clinical details of the
included cases like gestational age, birth weight, Apgar
score, and mode of delivery were documented. All sus-
pected cases were classified as either ‘early onset neonatal
sepsis’ (EOS) or ‘late onset neonatal sepsis’ (LOS) based
on the cut off of 72 h for clinical presentation [8]. All
suspected cases of sepsis underwent blood sampling for
micro-ESR and CRP estimation done at the same time.

Micro-ESR estimation method

A pre-heparinized capillary tube was used to measure
micro-ESR. Blood was allowed to fill three-fourth of the
length of capillary tube. One end was sealed and the
capillary tube was then mounted on the wall with the
sealed end down. The capillary tube is then allowed to
stand for one hour. The fall of red cell column in noted
down in millimeters (Fig. 1). Any value of more than age
in days+3 or > 15 at the end of one hour during neonatal
period regardless of postnatal days is considered positive
[4]. CRP level was estimated using particle-enhanced tur-
bidimetric immunoassay method. A value of more than
10 mg/L was taken as positive.

Statistical analysis

Data was analyzed by SPSS version-26. The continuous
variables were summarized as frequency and propor-
tion. The association between categorical and continuous
variables was assessed using independent ¢ test and asso-
ciation between categorical variables was assessed using
Chi-square test. The validity and reliability of micro-ESR
was expressed as sensitivity, specificity, PPV, NNP. The
agreement between CRP and micro-ESR was analyzed
using Kappa statistics. The p value of <0.05 were consid-
ered as statistically significant.

Results

A total of 202 case records were included for analy-
sis after excluding the records with incomplete data
and those who fulfilled exclusion criteria. Out of the
202 study participants 49 (24.2%) were CRP positive as
shown in Table 1. A total of 23% of study participants
had low birth weight. More than 80% of study partici-
pants had no distress at birth and 3.4% had severe dis-
tress. Assisted delivery/LSCS was mode of delivery in
50% of study participants. The median (IQR) age of
study participants was 1 day (1-2 days) and 83% were
early onset. The mean (SD) micro-ESR of CRP positive
and CPR negative study participants are 5.4 (4.1) and
3.5 (3.1) mm at the end of one hour. Independent ¢ test
showed this difference in micro-ESR was statistically sig-
nificant (p value <0.001).
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[ The degree of fall in red
cell column

Fig. 1 A capillary tube mounted with anticoagulated blood for
checking micro-ESR

Micro-ESR values more than ‘age in days plus 3’ was
considered as positive. The comparison of micro-ESR
values with CRP values is shown on Table 2. Among
153 CRP negative cases 24 (15.7%) showed elevated
micro-ESR. The percent agreement between micro-
ESR values with CRP values was 79.2%. Table 3 shows
the comparison of micro-ESR values with CRP values
among early and late onset sepsis group. The percent
agreement between micro-ESR values with CRP values
among early onset sepsis was 76.6% where among late
onset sepsis percent agreement was 91%.

The overall sensitivity, specificity, positive predic-
tive value, and negative predictive value for compar-
ing micro-ESR with CRP was around 67%, 84%, 58%,
and 89% respectively (Table 4). The overall accuracy
of micro-ESR in diagnosing elevated CRP was 80%.
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Table 1 Distribution of clinical parameters of the study
participants
Parameter Sub-groups Frequency
n (%)
N=202
Sepsis screening CPR positive 49(24.2)
CPR negative 153(75.7)
Birth weight Low birth weight (< 2.5 kg) 47(23.2)
Normal weight (> 2.5 kg) 155(76.7)
Apgar score 1 9> 167(82.6)
6-8 28(13.8)
<5 7(34)
Apgar score 5 9> 194(96.0)
6-8 8(4.0)
Mode of delivery Spontaneous vaginal delivery 100(49.5)
Assisted/LSCS delivery 02(50.5)
Sepsis Early onset sepsis 167(82.6)
Late onset sepsis 35(17.3)
Table 2 Comparison of micro-ESR values with CRP values
CRP positive CRP negative Total
n(%) n(%) n(%)
Micro ESR positive 33(56.1) 24(43.9) 57(28.2)
Micro ESR negative 16(11.7) 129(88.3) 145(71.8)
Total 49(24.7) 153(75.3) 202(100)

The overall kappa value was 0.48 this shows moderate
agreement based on Landis and Koch interpretation of
kappa value. The sensitivity and specificity of micro-
ESR among the study participants with late onset sep-
sis (75%, 96%) was higher than early onset sepsis group
(66%, 81%). The accuracy of micro-ESR is about 77%
in early onset sepsis whereas the accuracy among late
onset sepsis group increased to 94%. The kappa value
was higher for study participants with late onset sep-
sis (0.72) compared to the study participants with early
onset sepsis (0.44).

Discussion

Though neonatal sepsis is a common cause of morbid-
ity and mortality among neonates, there is no single
gold standard rapid screening test for diagnosing sepsis.
Most of the available screening tests have limitations in
terms of low sensitivity, specificity and positive predictive
value. Micro-ESR is a simple, inexpensive screening test
for neonatal sepsis that can be easily performed even in
resource limited settings.

In our study, there was a moderate degree of agreement
between micro-ESR and CRP in our study overall, but in
LOS group, this agreement was strong. The overall sen-
sitivity, specificity, positive predictive value and negative
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Table 3 Comparison of micro-ESR values with CRP values among early and late onset group

Early onset sepsis Late onset sepsis

CRP positive n(%) CRP negative n(%) Total CRP positive n(%) CRP negative n(%) Total n(%)
Micro-ESR positive 30(56.6) 23(43.4) 53(31.7) 3(75) 1(25) 4(11.4)
Micro-ESR negative 15(14.0) 99(86.0) 114(68.2) 13.2) 30(96.8) 31(88.6)
Total 45(27.5) 122(72.5) 167(100) 4(11.4) 31(88.6) 35(100)

Table 4 Validity and reliability indicators of micro-ESR values

Parameters Overall percent (95% Cl) Early onset sepsis percent (95% Cl) Late onset sepsis
percent (95% ClI)
Sensitivity 67.3(53.4-78.8) 66.7(51.1-80.0) 75.0(19.4-99.3)
Specificity 84.3(77.7-89.2) 81.2(73.1-87.5) 96.7(83.3-99.9)
Positive predictive value 57.9(44.9-69.8) 56.6(46.1-66.5) 75.0(28.68-95.7)
Negative predictive value 88.9(82.8-93.1) 86.8(81.2-90.9) 96.7(84.6-99.4)
Accuracy 80.2(74.0-85.4) 77.3(70.1-83.3) 94.3(80.8-99.3)
Kappa value 0.48(0.35-0.62) 0.44(0.28-0.59) 0.72(0.34-1)

predictive value of micro-ESR was 67%, 84%, 58%, and
89% respectively. The sensitivity and specificity of micro-
ESR among the study participants with late onset was
higher than early onset sepsis group. The overall accu-
racy of micro-ESR was about 80% and was observed to be
higher in late onset group. Youden’s index, the maximum
potential effectiveness of a biomarker, is a common sum-
mary measure of the ROC curve, shows that micro-ESR
can qualify as a good diagnostic test to detect or rule out
neonatal sepsis.

A study of 50 cases of neonatal sepsis showed that CRP
was positive in 58% of cases and another study showed
elevated CRP in 47.14% of cases which was higher
than our study [10-12]. CRP is an acute phase reac-
tant whose serum levels are low in normal infants with
a rapid rise after 12-24 h of infection and an immense
increase as long as inflammation persists. This will be fol-
lowed by immediate fall in serum levels of CRP as soon
as inflammation subsides [13]. Its low sensitivity during
early phases of neonatal sepsis is due to its delayed syn-
thesis during inflammation and thus fails to be used as
a screening test in early phases of neonatal sepsis [14].
Further, CRP was also found to be directly affected by the
gestational age. It was found to lower in preterm new-
borns compared to the term neonates [14]. CRP values
are also affected by non-infectious states like meconium
aspiration, intraventricular hemorrhage, pneumothorax
and necrotizing enterocolitis [13]. All these could affect
the diagnosis of neonatal sepsis by using CRP as a screen-
ing test.

Micro-ESR can be compared to conventional ESR and
its values are not affected by gestational age, birth weight

except hematocrit values. It is negligibly elevated in non-
infectious conditions unlike CRP. It is elevated within
24 h of infection and is not affected by the use of anti-
biotics [13]. Studies have showed that micro-ESR was
elevated in 38.06% and 48% of EOS [15, 16]. In our study
too micro-ESR was elevated in 23 cases of EOS who were
CRP negative. The sensitivity and specificity of micro-
ESR in one of the studies was 63.3% and 60% respectively
[17]. A study showed that micro-ESR alone yielded a sen-
sitivity of 96.9%, specificity of 90%, predictive value of
94% and proved to be a valuable screening test for sepsis
in neonates [18]. In our study we found micro-ESR was
highly specific but less sensitive. It was highly accurate in
LOS compared to EOS. Thus, micro-ESR can be used as
a screening test to rule out neonatal sepsis, especially the
LOS. It is a cheap, simple test which can be useful in less
developed countries where CRP can be performed.

Conclusion

Neonatal sepsis is often a diagnostic challenge and none
of the single markers can confirm sepsis. Micro-ESR is
a simple inexpensive test which can be used to rule out
neonatal sepsis. Micro-ESR is comparable with CRP in
diagnosing neonatal sepsis, especially in LOS and can
be used as a screening test like CRP. Large-scale studies
are needed to confirm our study findings before it can be
recommended for routine screening of neonatal sepsis,
especially in rural and resource limited setups.
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