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Purpose: This study aimed to determine predisposing factors for negative outcome in infants with early neonatal sepsis during
COVID-19.

Patients and Methods: A prospective cohort study of 172 newborns up to 4 days diagnosed with neonatal sepsis was carried out in
Karaganda (Kazakhstan). The microbiological examination was used to identify a causative agent of bloodstream infection. ELISA
was performed to determine the total anti-SARS-CoV-2 antibodies. Gestational age, mode of delivery, birth weight, C-reactive protein
and procalcitonin levels, comorbidities, type of pathogen, duration of hospitalization and mother’s infection diseases were used for
statistical analysis.

Results: Mortality in infants with neonatal sepsis was 22% (38/172). Anti-SARS-CoV-2 antibodies were detected in 68.3% of the
newborns. Culture-negative ELBW infants have a 5.3-fold higher risk of death (p<0.001). Low gestational age and a shorter period of
hospitalization were statistically associated with fatality. CRP is generally higher in deceased children (p=0.002). Necrotizing
enterocolitis (p<0.001), pneumonia (p=0.009) and anemia (p=0.016) were significantly associated with negative outcome. And,
31.4% of the infants with sepsis had positive blood cultures. The leading cause of sepsis in newborns was CoNS — 57%.
Conclusion: During COVID-19 pandemic neonatal sepsis mortality was associated with low birth weight, gestational age, and
comorbidities as in non-pandemic time. The relationship between COVID-19 in the mother and neonatal mortality was not found.
However, anti-SARS-CoV-2 antibodies were detected in more than half of newborns.
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Introduction
One of the crucial and pivotal stages in life is the neonatal period. The increased vulnerability during the neonatal period
lies in the susceptibility to various infections. One of the most dangerous and serious problems that can occur in infants is
neonatal sepsis. Studies estimated that between 1.3 million and 3.9 million annual neonatal sepsis cases and between
400,000 and 700,000 annual deaths occur worldwide.! The global incidence of neonatal sepsis is 2824 per 100,000 live
births according to data estimated in a recent meta-analysis.”

The COVID-19 pandemic had an effect on all areas of medicine and the lives of humanity. For the period of 2021,
a 7.0% increase in infant mortality was noted in Kazakhstan and amounted to 8.35 per 1000 live births against 7.79 for
the same period in 2020, according to the report of the Ministry of Health of the Republic of Kazakhstan for 2021.°

It has been established that during the COVID-19 pandemic, pregnant women disrupted their regular antenatal care,
which led to an increase in the incidence of preterm and hypoxic-ischemic encephalopathy in neonates.*
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The epidemiology of neonatal sepsis ultimately varies across geographies. In Africa and South Asia, gram-positive
pathogens are the most common in infants,” while in the USA and Europe (high-income countries) we can see both gram-
positive and gram-negative sepsis and it changes through time.® According to the last systematic reviews, sepsis caused
by gram-negative pathogens is associated with higher mortality rates,”* on the contrary, coagulase-negative staphylo-
cocci (CoNS) correlate with neurodevelopmental impairment and cerebral palsy in sepsis survivors.’

Previous studies have identified lower weight and gestational age, type of pathogen, and higher base deficit as factors
associated with mortality.'®!!

During the coronavirus infection pandemic, there were cases of severe complications and death of newborns whose
mothers suffered COVID-19 disease during pregnancy or childbirth. It was also noted that pregnant women with
COVID-19 disease often gave birth prematurely, which also increased the risk of morbidity and death.'?

Assumedly, the COVID-19 pandemic contributed to additional factors that raised infant mortality in the Republic of
Kazakhstan.

In this study, we attempted to assess the predisposing factors for negative outcomes among infants with early neonatal
sepsis during COVID-19 pandemic.

Materials and Methods
Study Participants

A prospective cohort study was conducted among infants diagnosed with neonatal sepsis in the period from
October 2020 to December 2021. The Bioethics Committee of the Karaganda Medical University No. 19 dated
08/05/2019 approved the study. Parents gave written informed consent to participate in the study. All infants, who
were admitted to intensive care units (ICU) and met including criteria, were involved in the study (Figure 1). The
research included (n=172) newborns up to 4 days of life from the intensive care units of regional maternity hospitals
in Karaganda city (Kazakhstan). Infants with one or more of clinical features of sepsis according to the protocol of
diagnosis of the Republic of Kazakhstan have been selected'”: fever >38.3°C or hypothermia <36.0°C, tachycardia
>90 bpm or tachypnea >20 breaths/min or PaCO, <4.3 kPa (32 mmHg), leukocytosis (white blood cells >12x10°/L)
or leukopenia (white blood cells <4x1079/L), normal white blood cell count with >10% immature forms, hypergly-
cemia (blood glucose >7.7 mmol/L) in the absence of diabetes.

[ Enrollment ] Newborns up to 4 day of life with
clinical signs of sepsis (n= 176)

Excluded (n= 4)
+ Not meeting inclusion criteria (n=4)

A 4

Division according to blood
culture analysis (n=172)

l

. [ Allocation ] v
Children with positive blood culture (n=54) Children with negative blood culture (n=118)
v [ Analysis ] v 4
Alive (n=48) Dead (n=6) Alive (n=86) Dead (n=32)
Figure | Patient flow chart for infants included in the research.
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The exception criteria were as follows: patients born to HIV, high-dose glucocorticosteroid therapy, primary
immunodeficiency state, bleeding, severe malformations, acute hemolytic disease of the newborn, refusal of the parent(s)
or legal representative of the patient to participate in the study. In total, four patients were excluded according to
exception criteria.

Negative outcome was assessed by the endpoint of mortality at the end of hospitalization. The following factors were
considered as factors influencing the fatal outcome: gestational age, mode of delivery, birth weight, C-reactive protein
(CRP) and procalcitonin (PCT) levels, comorbidities (pneumonia, anemia, necrotizing enterocolitis, CNS involvement,
mild congenital malformations), type of pathogen, mother’s infection diseases (urinary tract infection, skin and soft tissue
infection, COVID-19, chorioamnionitis, other infection) and duration of infant’s hospitalization were evaluated.
Infectious diseases at the time of birth were taken into account to assess the impact of maternal infections on outcomes
in infants. For COVID-19, a PCR-verified positive test throughout pregnancy was taken into account. Other infections
included non-COVID-19 respiratory viral infections and sexually transmitted infections (viral and bacterial).

Microbiological Testing

All infants were tested for bloodstream infections. A microbiological study was conducted on the base of the shared resource
laboratory of the Medical University of Karaganda (Kazakhstan). Peripheral blood sampling in a volume of 1-2 mL was
carried out directly in intensive care units from patients with aseptic technique in BD BACTEC™ Peds Plus vials before the
beginning of antibiotic therapy. The vials were delivered to the laboratory for further incubation using the BD BACTEC ™ FX
blood culture system. Express diagnosing of positive blood culture was performed according to the previously described
protocol."*' Simultaneously, positive blood culture samples were cultured on blood agar for 18-20 hours to exclude mixed
cultures and to get isolated colonies. Identification of pathogens was performed using the matrix-assisted laser desorption
ionization-time of flight (MALDI-TOF) Microflex mass spectrometer (Bruker Daltonics, Germany).'®

Quantitation of Anti-SARS-CoV-2 Ab via ELISA

Anti-SARS-CoV-2 total antibodies enzyme-linked immunosorbent assay (ELISA) was determined in 101 patients using
the Diagnostic Kit for Total Antibody to SARS-CoV-2 (Wantai, China) on the Evolis 100 ELISA reader (Bio-Rad)
according to the manufacturers’ protocols. The cut-off value was taken according to the manufacturer’s instructions =
negative control (Nc) + 0.16. The result was expressed as a positivity coefficient, the ratio of the optical density of the
sample to the cut-off value.

Statistical Analysis
Statistical analysis was carried out in SPSS Statistics 20 software, using logistic regression. Logistic regression was
conducted according to convenient conditions considering the independence of errors, absence of multicollinearity, and
lack of influential outliers. Results for independent variables are reported as odds ratio (ORs) with p-value. Outcomes
such as mortality and survival were presented as binary value (0 and 1).

Comparison between groups was performed using the 5> test (Pearson’s chi-squared test), Mann—Whitney U-test for
quantitating variables.

Results
Among 176 infants admitted to the ICU, 172 met including criteria. During the entire period of hospitalization 22% of
all newborns who did not survive. Among patients diagnosed with sepsis 54/172 (31.4%) infants had positive blood
cultures. Newborns were divided into culture-positive and culture-negative groups according to blood culture analysis
(Figure 1).

There were 11% (6/54) of deceased infants in the culture-positive sepsis group, and 27.1% (32/118) in the negative
blood culture group. The mortality odds is 2.97-fold greater in culture-negative sepsis group. In general, the chance of
death in the group with culture-negative sepsis was 2.97 £+ 0.48 times higher.

Analysis of the contribution of the parameter to the fatal outcome by groups is shown in Table 1.
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Table | Effect of Parameter on Fatal Outcome in Culture-Proven and Culture-Negative Sepsis Groups

Parameter All (n=172) p-value Culture-Proven Sepsis (n=54) p-value Culture-Negative Sepsis (n=118) p-value
Survivors Dead Survivors Dead Survivors Dead
(n=134) (n=38) (n=48) (n=6) (n=86) (n=32)
Birth weight, median 1755 960 <0.001 2028 1050 0.044 17325 960 <0.001
(IQR) (1314.75-2395) (742.5-1237.5) (1365-2912.5) (762.5-1326.25) (1276.25-2120) (737.5-1117.5)

Birth weight, g

Normal (>2500) 30 (22.4%) 6 (15.8%) >0.05 18 (37.5%) 1 (16.7%) >0.05 12 (14%) 5 (15.6%) >0.05
LBW (<2500) 50 (37.3%) 0 <0.001 14 (29.2%) 0 >0.05 36 (41.9%) 0 <0.001
VLBW (<1500) 36 (26.9%) 7 (18.4%) >0.05 8 (16.6%) 2 (33.3%) >0.05 28 (32.5%) 5 (15.6%) >0.05
ELBW (<1000) 18 (13.4%) 25 (65.8%) <0.001 8 (16.6%) 3 (50%) >0.05 10 (11.6%) 22 (68.8%) <0.001
Gestational age, median 32 (29.25-35) 27.5 (26-30) >0.05 33 (30-37.25) 285 0.035 31 (29-34) 27 (25.75-30) <0.001
(IQR) (27.25-29.75)

Maturity

“Term 18 (13.4%) 4 (10.5%) >0.05 12 (25%) 0 >0.05 6 (7%) 4 (12.5%) >0.05
-Preterm (37 weeks) 116 (86.6%) 34 (89.5%) 36 (75%) 6 (100%) 80 (93%) 28 (87.5%)

Mode of delivery

-Cesarean section 82 (61.2%) 27 (71%) >0.05 27 (56.25%) 5 (83.3%) >0.05 55 (64%) 22 (68.75%) >0.05
-Vaginal delivery 52 (38.8%) 11 (29%) 21 (43.75%) 1 (16.6%) 31 (36%) 10 (31.25%)

CRP, median (IQR) 0 (0-6) 6 (0-12) 0.002 0 (0-6) 0 (0-6) >0.05 0 (0-6) 6 (0-12) 0.003
Procalcitonin, median 0.23 (0.13-0.54) 0.25 >0.05 0.2 (0.11-0.45) 0.1585 (0.1-...) >0.05 0.2905 0.2650 >0.05
(IQR) (0.165-0.3575) (0.1373-0.6750) (0.1650-0.4725)
Anti-SARS-CoV-2 Ab, 9.5 (0.43-43.3) 4.8 (0.37-12.16) >0.05 9.83 (3.81-43.3) 0.36 >0.05 9.5 (0.33-43.3) 5.37 (1.02-12.6) >0.05
median (IQR)

Hospitalization time, 31 (22-47) 6 (2.25-13.75) <0.001 31 (1941) 1.5 (7.5-17.75) 0.009 33 (23-48.75) 5 (2-12.25) <0.001
median (IQR)

Comorbidities

- Pneumonia 93 (69.4%) 35 (92.1%) 0.009 39 (81.25%) 6 (100%) >0.05 54 (62.8%) 29 (90.6%) 0.007
- Anemia 62 (46.3%) 26 (68.4%) 0.016 23 (48%) 4 (66.6%) >0.05 39 (45.3%) 22 (68.75%) 0.024
- Necrotizing 6 (4.5%) 10 (26.3%) <0.001 3 (6.25%) 4 (66.6%) <0.001 3 (3.5%) 6 (18.75%) 0.018
enterocolitis

- CNS involvement 132 (98.5%) 35 (92.1%) >0.05 48 (100%) 6 (100%) <0.001 84 (97.7%) 29 (90.6%) >0.05
- Congenital 95 (70.9%) 25 (65.8%) >0.05 34 (70.8%) 5 (83.3%) <0.001 61 (70.9%) 20 (62.5%) >0.05

malformations

Mother’s infections

-UTl 39 (29.1%) 16 (42.1%) >0.05 15 (31.25%) 4 (66.6%) >0.05 24 (27.9%) 12 (37.5%) >0.05
-SSTI I (0.7%) 0 >0.05 I (2%) 0 >0.05 0 0 -

-COVID-19 disease 11 (82%) 5 (13.2%) >0.05 3 (6.25%) 0 >0.05 8 (9.3%) 5 (15.6%) >0.05
~Chorioamnionitis 4 (3%) 0 =0.057 3 (6.25%) 0 >0.05 1 (1.2%) 0 >0.05
-Other infection 11 (8.2%) 4 (10.5%) >0.05 3 (6.25%) 0 >0.05 9 (10.5%) 4 (12.5%) >0.05
-No infection 67 (50%) 13 (34.2%) >0.05 23 (48%) 2 (33.3%) >0.05 44 (51.1%) 11 (34.4%) >0.05

Type of pathogen

- CoNS 29 (60.4%) 2 (33.3%)
-E. faecium 4 (8.3%) 0
-S. agalactiae 2 (4.1%) 0
-Enterobacterales 7 (14.5%) 2 (33.3%)
-A. baumanii 3 (6.25%) 0
-Other 4 (8.3%) 2 (33.3%)

Notes: p-value: Comparison between groups was performed using the y* test (Pearson’s chi-squared test), Mann—Whitney U-test for quantitating variables. Statistical
significance if p<0.05 (marked in bold).

Abbreviations: IQR, interquartile range; LBW, low birth weight; VLBW, very low birth weight; ELBW, extremely low birth weight; CRP, C-reactive protein; UTI, urinary
tract infection; SSTI, skin and soft tissue infection; COVID-19, coronavirus disease; CoNS, coagulase-negative staphylococci.
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Table 2 Results of Anti-SARS-CoV-2 Total Antibody in All Newborns with Sepsis

Survivors (n=81) | Dead (n=20) | p-value
Anti-SARS-CoV-2 Antibody, % 55 (67.9%) 14 (70.0%) >0.05
Cases of confirmed maternal COVID-19 disease (PCR test), % 11(13.5%) 4 (20%) >0.05
Anti-SARS-CoV-2 Antibody, median (IQR) 10.14 (0.42-43) 4.19 (0.36-10.3) >0.05

Notes: p-value: Comparison between groups was performed using the y* test (Pearson’s chi-squared test), Mann-Whitney U-test for
quantitating variables.

There was not found a statistical significant association between COVID-19 disease in the mother and a negative outcome
in the fetus (p>0.05). Most infants from mothers with COVID-19 disease were in the culture-negative sepsis group (13/16) and
38.5% (5/13) of them had a negative outcome. Separately, the presence of anti-SARS-CoV-2 Ab in the part of the cohort for
which it became available was tested (Table 2). Surprisingly, 68.3% (69/101) of newborns had a positive analysis for total anti-
SARS-CoV-2 Ab, which did not match the information provided by mothers about the disease or vaccination. The percentage
of positive samples was approximately equal in the subgroups of the dead and survivors. Although the median coefficient was
significantly lower in the group of dead infants; however, this was not statistically significant.

As a result of the analysis, it was found that birth weight was strongly associated with fatal outcomes in infants with
both positive (p=0.044) and negative blood cultures (p<0.001). Moreover, in children with sepsis, newborns with
extremely low birth weight (ELBW) died more often (<0.001). Interestingly, culture-negative ELBW infants have
a 5.3+0.77 fold higher risk of death (p<0.001) than blood culture-positive infants, and even newborns of normal weight
(>2500 g) had a higher risk of death in the culture-negative group, OR 7.5 + 1.57 (Figure 2).

ELBW- 53[1.5; 19._ 6.8[0.6;75.3]p=0.1

VLBW- 0.4[0.1;1.8]p=0.2 45[04;57.1]1p=0.3
LBW - 0[0;06]p=0 04[0;11.2]p=0.1
Prematurity - 05[0.1;2]p=0.3 45[0.2;84.8]p=0.3

Cesarean section - 1.2[05;3]p=0.6 3.9[04;359]p=0.2

CRP >5- 29[1.2;6.8]p=0 09[0.1;59]1p=0.9

Pneumonia-  5.7[1.6; 20_ 6[0.3;113.6]p=0.2

Anemia-  2.7[1.1;6.3]p=0 - 3.1[0.5;18.3]p=0.2
NE - 6.4[1.5;_ 30[3.8;2356]p=0

CNSinvolvement-  0.2[0;1.5]p=0.1 I 16[0.1;33.4]1p=0.8

Congenital malformations- 0.7 [0.3 ;1.6 ] p= 0.4 I 3.3[0.4;30.3]p=0.3

Mother's UTI-  2[0.8;5.2] p=0.2 - 3.1[0.5;18.9]p=0.2

Mother's SSTI-3.9 [ 0.1 ; 205.7 ] p= - 3.1[0.1;99.3]p=0.5

Mother's COVID-19- 25[0.7;9.2]1p=0.2 - 1.3[0.1;34.2]1p=0.9

Mother's Chorioamnionitis- 1.3 [ 0.1 ; 33.8 1 p=0.9 . 1.3[0.1;34.2]p=0.9
-30 7654321012345 67 30

Figure 2 Odds ratio for mortality in culture-positive and culture-negative sepsis groups.

Note: Red — culture-negative sepsis group, green — culture-positive sepsis group.

Abbreviations: ELBW, extremely low birth weight; VLBW, very low birth weight; LBW, low birth weight; CRP, C-reactive protein; NE, necrotizing enterocolitis; UTI,
urinary tract infection; SSTI, skin and soft tissue infection; COVID-19, coronavirus disease.
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Gestational age was statistically associated with poor outcomes in culture-positive sepsis (p=0.035) and culture-
negative sepsis (p<0.001) groups, but prematurity did not affect the outcome.

We did not find the impact of PCT level on mortality odds in both groups. However, we observed that CRP is
generally higher in deceased infants (p=0.002), but, for reasons that can be hardly explained, this is more true for culture-
negative sepsis (p=0.003).

Newborns had met negative outcome in a shorter period. In the culture-proven sepsis group, dead patients had
a longer period of treatment (median, IQR: 11.5 days (7.5-17.75)), while in culture-negative infants this period was
shorter (median, IQR: 5 days (2—12.25) with p<0.001).

Of the total neonatal sepsis patients, 170 (98%) had comorbidities. The most common comorbid diagnosis was central
nervous system (CNS) involvement, followed by pneumonia and mild congenital malformations (mostly non-surgical
heart defects). Necrotizing enterocolitis (NE), (p<0.001), pneumonia (p=0.009) and anemia (p=0.016) were found to be
significantly associated with negative outcome in all sepsis cohort and in the culture-negative sepsis group. The share of
infants with concomitant NE was two times higher (13%) in the culture-positive group, than in the culture-negative group
(7.6%) (p<0.001). Also, poor outcome in culture-proven sepsis group was associated with next comorbidities: NE,
(p<0.001), CNS involvement (p<0.001), and mild congenital malformations (p<0.001).

According to our data, mode of delivery, mother’s infection and type of pathogen was not associated with a negative outcome.
However, in the assessment of the mother’s infection, parameter chorioamnionitis did not get a significant level (p= 0.057).

A total of 56 pathogens were isolated from positive blood cultures. There were two cases of mixed culture that was
presented by two types of bacteria. The most common cause of sepsis in newborns was CoNS — 57%, followed by
Klebsiella pneumoniae - 14% and Enterococcus faecium - 7%. Other pathogens met in individual cases (Figure 3).
Staphylococcus epidermidis (30%) was the most frequently isolated pathogen among CoNS. There was no influence of
pathogen type on the outcome of sepsis in culture-proven sepsis group.

m Staphylococcus epidermidis m Staphylococcus haemoliticus
Staphylococcus hominis m Staphylococcus pettenkoferi

® Enterococcus faecium u Streptococcus agalactiae

m Klebsiella pneumoniae m Escherichia coli

m Acinetobacter baumanii m Other

Figure 3 The etiology of neonatal sepsis.
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Discussion

Considering that in terms of pathophysiology and epidemiology, fundamentally sepsis may differ as culture-positive and
culture-negative sepsis, infants were divided into two groups according to this aspect.!” All infants included in cohort
presented with clinical signs of sepsis; however, pathogen was determined just in 31.4% cases.

The findings from this analysis showed rather high mortality of newborns with neonatal sepsis of 22%. Data is similar
on such cases in the countries of South-East Asia,'® where the percentage of negative outcome among newborns is
between 19% and 22.6%. Nonetheless, global mortality ranges from 1% to 5% in sepsis and 9% to 20% in severe sepsis.’
The possible results can be explained by the difference in the level of care and diagnostic capabilities provided to
pregnant women in high-income (HIC) and low- and middle-income countries (LMIC).”

Noteworthy, that most infants from mothers with COVID-19 disease were in the culture-negative sepsis group and
38.5% of them had a fatal outcome. Significant results have been observed among preterm infants and mothers with

comorbidities or complicated coronavirus infection'**

although evidence on this is ambiguous and outcome likely
depends on the maternal condition and gestational age.

Additionally, quantification of anti-SARS-CoV-2 Ab and found an unusually high level of total antibodies in
newborns (68.3%). During the cohort recruitment period, vaccination for pregnant women was not available, and general
vaccination was only gaining momentum, so we believe this level is related to maternal infection before or, in a lesser
extent, during pregnancy. However, we did not find significant differences that could be associated with fatality.

Birth weight remains the main important parameter for poor outcome of sepsis, as described in previous studies.**' In
assessment of all cohort, high mortality odds was noted in infants with ELBW (<1000g) — 65.8% in comparison to other
weight categories. Preterm newborns less than 1000g of weight and <29 weeks’ gestation had a significantly higher risk
of early-onset sepsis, respiratory distress syndrome, severe intraventricular hemorrhage or periventricular leukomalacia
and bronchopulmonary dysplasia — conditions, that are associated with high mortality rate.*> Considering the immaturity
of many body systems, lower gestational age infants require special monitoring of vital signs and longer hospital stays,
which entails additional risks such as sepsis, NE and neurological disorders, and therefore the survival rate of this
category is low.”?

As for inflammatory markers in different ages preterm infants have a less pronounced response compared to term
infants.”* In our study, CRP behaved atypically. We obtained CRP values close to normal in our patients; the median
level was higher in deceased patients, but mostly in the culture-negative sepsis group. Normal CRP at the onset of
clinical sepsis inherent for low birth weight neonates, very low gestational age infants and can be a result of antibiotic
therapy.”> Infants that are born extremely prematurely or with a very low birth weight are likely to have fewer
immunomodulatory or pro-inflammatory proteins after bacterial infection, because CRP is the final product of
a cytokine response after tissue injury.”> Causative pathogens affect CRP level; thus, Lai et al presented that CoNS
episodes of BSI were associated with normal CRP, while in cases with gram-negative sepsis, CRP level was >10 mg/L.>

It should be noted PCT level was insignificant in our cohort. According to earlier data, PCT level is variable in first 72
h, and its sensitivity ranged from 47.4% (95% CI 27.3-68.3) to 100% (95% CI 67.6-100) and specificity from 35.3%
(95% CI 17.3-58.7) to 100% (95% CI 96.8-100).%¢

Consistent with previous data analyses, younger age, presence of comorbidities, and multiple organ dysfunction
conferred increased mortality risk in sepsis patients.?” As in our research, children with NE, pneumonia and anemia had
a significant role in mortality in the culture-negative group and NE, CNS involvement and mild congenital malformations
in the culture-proven group. Moreover, in other studies, the authors highlighted other comorbidities associated with
death: asphyxia, respiratory distress syndrome, hypothermia, congenital surgical anomalies, hypoglycemia.?®

When studying the contribution of maternal infections to the development of sepsis and negative outcome, we were
attracted by the significance of chorioamnionitis in the development of sepsis, but the rates did not reach a statistically
significant level (p=0.057). Nevertheless, previous studies have identified the impact of maternal chorioamnionitis on the
development of neonatal sepsis.*’

Concerning hospitalization time, it was shorter in infants with negative outcome in the studied research; this is can be
explained as a critical period of newborns life and part of infants did not overcome it. As reported in past studies,
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survivors of neonatal sepsis often require prolonged hospitalization; however, it puts them in a risk group of long-term
sequelae including chronic lung disease and adverse neurodevelopmental outcomes.”® The duration of hospitalization for
EOS is shorter than for late-onset sepsis (LOS) according to studies, which is logically comparable to naked results.*

Positive blood cultures, although they are the gold standard, do not always confirm the clinical picture and determine
the course of the disease, as in our case. Among infants with positive blood cultures, there are more survivors (88.8%)
than in the group with negative blood growth (72.8%). The presence of a pathogen in the blood helps the doctor to adjust
the therapy adequately, which may be associated with better survival in the culture-proven sepsis group. In the course of
our study, it was found that in the culture-negative sepsis group, the condition tends to develop according to the worst-
case scenario. The reason for the high number of culture-negative cases is not clear, and diagnostic criteria used in the
different publications vary substantially.>' This may have a number of reasons, such as a small volume of blood samples
to study, disruption of transportation steps, or the mother’s antibiotic therapy before and during childbirth. As it was
found out, antibiotic treatment within 4 days of a bacteremic episode has been associated with false-negative blood
cultures and low-level bacteremia.*> According to Piantino et al, systemic inflammatory response syndrome (SIRS)
among very low birth weight (VLBW) and ELBW infants frequently had a negative blood cultures because of vary
aggravating conditions, like viral infections, congenital infections, cardiovascular, metabolic and neurological
disorders.*® There is increasing evidence for viral pathogens associated with sepsis-like syndrome in preterm infants:
cytomegalovirus, enterovirus, parechovirus, coxsackie, adenovirus, parainfluenza, rhinovirus, coronavirus.>> However,
other authors have been noted opposite results, where children with culture-proven sepsis had higher mortality rate.**

The etiological agents of neonatal sepsis differ by region and time of seeding (EOS or LOS). For example, in a study
in the Canadian study, the most common bacterial isolates were Escherichia coli, group B Streptococcus, and
Staphylococcus aureus.'" In contrast, in a Korean®™ study assessing medical records over 20 years, the main causative
agents of neonatal sepsis were CoNS (53%), S. aureus (12.5%) and K. pneumoniae (7%). Also in the retrospective
analysis of 13-year period in north Italy hospitals, leading pathogen of EOS and LOS were CoNS,*® which is consistent
with the findings in this study. It is important to note, in the current study, S. aureus was not isolated from the blood of
newborns, and as the latest data collected in Kazakhstan, shows that S. aureus fades into the background.?” The results of
this study are comparable with the data obtained earlier on the predominant role of CoNS in the development of sepsis.'*
Interestingly, CoNS are more likely to cause bloodstream infections in neonates, but are less likely to result in death and
such cases more likely to end up as recovery.*®

Our research had some limitations due to the vulnerabilities of the studied samples volume; short duration of the
study could not assess the long-term effects and outcomes; lack of confirmed maternal COVID-19 disease. Although in
our work, we did not find an association between prematurity and mortality, other researchers, when evaluating larger
samples, claim the opposite.

Conclusion
During the pandemic, an increase in infant mortality was noted in the Republic of Kazakhstan, and it is logical to assume
that COVID-19 affects mortality; however, we did not find a relationship between COVID-19 disease in the mother and
neonatal mortality. Even so, we found the presence of antibodies in more than half of the examined newborns. Our
research allowed to illustrate the complications of the pandemic period — insufficiency of resources and problems in
efficient distribution of them, a general panic that in some cases was a barrier for pregnant women to seek healthcare, and
overall information deficiency. Considering all these factors, the pandemic period affected the increase in infant mortality
more indirectly than directly. The leading causes of infant mortality are still low birth weight and low gestational age.

On the other hand, the frequency of negative outcomes was more often noted in the group with negative sepsis. Also,
children in this group had higher mortality rate due to the immaturity of the body systems and the development of
concomitant pathology (necrotizing enterocolitis, pneumonia, and anemia), the complexity of infectious process diag-
nosing and weak immune response.

CoNS was the most common causative agent of sepsis and its early detection contributed to a favorable outcome.
PCT levels were uninformative in low birth weight preterm infants.
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