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Abstract

:

Background: The high prevalence of suspected early-onset neonatal sepsis among preterm infants leads to immediate antibiotic administration upon admission. Notably, most blood cultures for suspected early-onset neonatal sepsis do not yield a causative pathogen. This study aimed to assess polymerase chain reaction (PCR) targeting the variable region V4 of the 16S ribosomal gene (16S rDNA) and Sanger sequencing for bacterial identification in preterm infants with suspected early-onset neonatal sepsis. Methods: Therefore, this prospective study was conducted. Preterm infants with suspected early-onset neonatal sepsis were included in this study. The three groups were formed based on the risk of infection and clinical sepsis. Blood samples were collected upon admission to the neonatal unit for culture and molecular analysis. PCR amplification and subsequent Sanger sequencing of the V4 region of the 16S rDNA were performed. Results: Twenty-eight patients were included in this study. Blood cultures were negative in 100% of the patients. Amplification and sequencing of the V4 region identified bacterial genera in 19 patients across distinct groups. The predominant taxonomically identified genus was Pseudomonas. Conclusions: Amplifying the 16S rDNA variable region through PCR and subsequent Sanger sequencing in preterm neonates with suspected early-onset neonatal sepsis can enhance the identification of microbial species that cause infection, especially in negative cultures.
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1. Introduction


Neonatal sepsis is the primary cause of death and illness among preterm infants [1]. It is categorized as early-onset sepsis if it occurs within the first 72 h of life and as late-onset sepsis if it develops 72 h after birth [2].



In contrast, suspected early-onset neonatal sepsis is a common diagnosis in preterm infants. The incidence is 166 per 1000 live births; in contrast, the incidence of early-onset culture-confirmed sepsis is 46 per 1000 live births [3]. It consists of the presence of perinatal risk factors for infection in the mother, whether associated with clinical infection in the first 72 h of life [4], and is the leading cause of antibiotic formulation in preterm infants [5].



However, approximately 95% of preterm infants treated with antibiotics for suspected early-onset neonatal sepsis have no confirmation of infection by microbiological culture [6]. The situation described previously results in the needless administration of antibiotics to preterm infants, which in turn increases the risk of illness and death [7].



However, discerning the requirement for antibiotics in suspected early-onset neonatal sepsis presents several challenges. First, there is no consensus regarding the criteria for its definition [3]. The perinatal risk factors for infection are not reliable for this purpose [4]. The clinical manifestations are nonspecific, unreliable, and overlap with those of other diseases [6]. Neonatal sepsis was confirmed by isolating microorganisms from blood cultures [8]. However, they have low sensitivity and specificity for the following reasons: presence of bacteremia due to bacteria that do not grow in traditional cultures, use of previous antibiotics in the mother, low volume of bacteremia in neonates, and prolonged time to obtain results [9,10] his has increased the use of unnecessary broad-spectrum antibiotics in preterm infants [2].



Therefore, it is essential to develop diagnostic techniques that enable the precise, impartial, and swift identification of bacteria in neonates with suspected early-onset sepsis. The current biomarkers used to determine whether to initiate antibiotics in this scenario have limitations and are unsuitable for this purpose [11]. Polymerase chain reaction (PCR) targeting specific variable regions of 16S rDNA and broad-range sequencing have been shown to be fast and effective alternatives for identifying bacteria in adult and pediatric patients [12,13,14].



The 16S rDNA gene contains both the conserved and variable regions. Analysis of these variable regions allows for differentiation between bacterial species and, in some cases, between genera, establishing them as reliable markers in phylogenetic and taxonomic studies. This makes its findings applicable in various research contexts and clinically useful for the reliable identification of pathogens. In addition, extensive 16S rDNA sequence databases have facilitated the comparison and classification of new sequences [15,16]. However, studies of neonatal populations with suspected early neonatal sepsis are limited. In this scenario, PCR of the variable regions of 16S rDNA could be used as a complementary diagnostic test for bacterial identification in preterm infants with suspected early-onset neonatal sepsis.



This study aimed to identify bacteria in the blood of preterm infants with suspected early-onset neonatal sepsis by amplification and Sanger sequencing of the V4 region of the 16S rDNA gene.




2. Materials and Methods


A prospective observational study was conducted on preterm infants (Ballard < 37 weeks) with a birth weight ≤ 1800 g and suspected early-onset neonatal sepsis who were admitted to the neonatal intensive care unit of the Hospital Meissen in Bogotá between March 2022 and March 2023. This study was approved by the Ethics Committee of the Universidad de La Sabana (N°100, 21 June 2021) and Hospital Meissen (register-185). Informed consent was obtained from parents for newborn admission.



Patients were included immediately upon admission to the neonatal intensive care unit after stabilization at birth in an adaptation room. Suspected early-onset neonatal sepsis was defined as the presence of perinatal risk factors for neonatal and/or clinical infection within the first 72 h. The criteria for suspected early-onset neonatal sepsis and clinical sepsis are presented in Table 1.



Neonates with perinatal asphyxia, congenital anomalies, suspected (or confirmed) metabolic disease or inborn error of metabolism, a need for transfusion of blood products in the adaptation room, and/or before taking samples for study and admission to the neonatal unit referred from another institution, and/or older than two hours of life upon admission to the neonatal unit, were excluded.



A group of preterm infants with a birth weight of less than 1800 g and without risk factors for infection immediately after birth was also included as a control.



For data analysis, three groups of patients were formed: Group 1, patients without suspected early-onset sepsis; Group 2, patients with suspected early neonatal infection and no clinical signs of early neonatal infection; and Group 3, patients with suspected early neonatal infection and clinical infection in the first 72 h of life (clinical sepsis). The primary outcome was the identification of genetic material in the blood by PCR V4 16S rDNA amplification and Sanger sequencing.



2.1. Blood Culture Samples


Two blood culture samples were obtained immediately upon admission to the neonatal unit under strict asepsis and antisepsis measures and were analyzed in the hospital’s microbiology department. For each sample, 1 mL of blood was taken from the newborn and injected directly into a bottle of BACT/ALERT® PF PLUS blood culture for aerobes and another for anaerobes, incubated in the equipment at 37 °C for five days.




2.2. Blood Samples & Clinical Data


During the collection of blood cultures, an additional one (1) mL of blood was collected in an EDTA tube for molecular testing. Initially, the sample was frozen in the neonatal unit at −20 °C and then transferred, maintaining the cold chain, to the laboratories of the University of La Sabana and CES University, where it was kept frozen at −80 °C until its analysis.



Similarly, clinical variables were prospectively collected from the standard monitoring of vital signs in the neonatal unit and the results of the laboratories in the first 72 h of life, including blood count, C-reactive protein, procalcitonin, and other clinical tests used to detect infection in the first 72 h according to medical indication.




2.3. Statistical Analysis


The data are summarized as absolute and relative frequencies for the qualitative variables. On the other hand, the continuous variables were summarized with measures of central tendency and dispersion according to their distribution. The assumption of normality was assessed using the Shapiro–Wilk test.




2.4. DNA Extraction


The Wizard® Genomic DNA Purification Kit (Promega, Madison, Wisconsin, USA) was used to extract and purify complete genomic DNA from 300 μL of blood samples. The extraction process consists of several steps. This included cell lysis, precipitation of proteins and other impurities, DNA fixation with isopropanol, washing with 70% ethanol, and rehydration of the purified DNA. To improve cell lysis, proteinase K (QIAGEN, Hilden, Germany) was added to the lysate with an incubation time of 90 min at 56 °C. The amount and purity of the extracted DNA were evaluated using spectrophotometry. To evaluate DNA integrity, 1% agarose gel electrophoresis (70 V, 70 min) was performed and SYBR™ Safe DNA Gel Stain (Thermo Fisher Scientific, Waltham, MA, USA) was used to visualize the DNA bands.




2.5. Sanger Sequencing


Amplification of the V4 region: The V4 region of the 16S rDNA gene was amplified using 515F sense primer (5′-GTGYCAGCMGCCGCGGTAA-3′) and 806R antisense primer (5′-GGACTACNVGGGTWTCTAA-3′). The thermal profile for PCR consisted of the following: initial denaturation at 94 °C for 5 min, followed by 45 cycles of denaturation at 94 °C for 30 s, alignment at 50 °C for 60 s, extension at 72 °C for 5 min, and a final extension at 72 °C for 10 min [17].



Sequencing and analysis: All samples with positive PCR amplicons were sequenced using Sanger sequencing [18]. The obtained sequences were aligned and edited to obtain a consensus sequence using the SeqMan Pro software (DNASTAR, Inc., Madison, WI, USA). Taxonomic classification using the lowest common ancestor (LCM) method was performed using SILVA [19]. Additionally, a search was conducted using the BLASTn bioinformatics tool in the NCBI [20] database for the assignment of species or genera, selecting those with the highest percentage of identity and coverage.





3. Results


A total of 28 blood samples were analyzed:  6, 12, and 10 patients in Groups 1 and 2, and 10 in Group 3. The clinical characteristics of the patients are shown in Table 2, and a detailed description of each patient is provided in Supplementary Materials Tabel S1. Using PCR amplification, 19 (67.8%) blood samples were positive for 16S rDNA (n = 5 in Group 1, n = 8 in Group 2, and n = 5 in Group 3). Blood cultures were negative in 100% of the patients.



In Groups 2 and 3, 100% of the mothers and infants received antibiotics during labor and in the first week of life. The median duration of neonatal antibiotic therapy was longer in Group 3 than in Group 2 (7 days [IQR 4.9] vs. 5 days [IQR 2]). The most prescribed antibiotics were ampicillin, gentamicin, piperacillin/tazobactam, cefepime, and linezolid. One patient in Group 3 died on the second day of life due to sepsis, and Pseudomonas mendocina was detected in his blood by molecular testing.



3.1. DNA Extraction


The spectrophotometry calculation of the DNA concentration had a median purity of 140.3 ng/μL (IQR 145.3) and measuring the absorbance ratio 260/280 nm yielded a median of 1.84 (IQR 0.084). Integrity was evaluated by performing electrophoresis on a 1% agarose gel, which allowed the observation of medium-high intensity bands without traces of degradation.




3.2. Sanger Sequencing


Amplicons of approximately 430 bp were generated. Figure 1 shows the PCR results for the 28 neonates. Using SeqMan Pro-11 software (DNASTAR, Madison, WI, USA), the 806R and 515F sequences of each sample were aligned to edit the chromatograms and generate a consensus sequence for identity analyses. After trimming the extremes and before proceeding with manual correction, sequences with overlapping peaks were interpreted as “detected mixed sequences” or ambiguous bases, which were corrected by observing and comparing the peaks, where the competing peak was acceptable when the peak height was greater than the peak of the complementary sequence.



The predominant taxonomic identification in the three groups using BLAST (Basic Local Alignment Search Tool) and SILVA (https://www.arb-silva.de, accessed on 8 September 2023) belonged to the genus Pseudomonas, with identity percentages between 90.2% and 100% (Table 3). Using the BLAST algorithm, eight samples were described as non-cultured bacteria, indicating that this group had not been cultured because of scant information or knowledge about these bacteria. Nine were from the genus Pseudomonas, one was classified as Gammaproteobacteria, and one was a noncultivable organism within the genus Lachnospiraceae. Using the SILVA database, two sequences were not classified, 13 were within the genus Pseudomonas, three were Lachnospiraceae, and one was within the class Clostridia.





4. Discussion


Identification of bacteria in the blood with PCR amplification of the variable region V4 of the 16s rDNA gene and Sanger sequencing was performed in preterm neonates with suspected early-onset neonatal sepsis. Blood cultures were negative in all patients, whereas bacteria were identified by PCR V4 16S rDNA in 67.8% of the samples. Interestingly, bacteria were identified in all the patient groups. All analyses were performed under strict asepsis and antisepsis measures to avoid contamination and false positives in PCR results.



Previous studies have shown the usefulness of 16S rDNA PCR-based tests for effective and rapid identification of bacteria during a diagnostic approach to neonatal sepsis [12]. García-Gudiño [21] compared the identification of bacteria by blood culture with PCR of the V3 region of 16S rDNA and denaturing gradient gel electrophoresis (DGGE) in neonates with neonatal sepsis. They observed identification ratios of 40% and 87% between cultures and molecular testing, respectively. However, unlike this study, they failed to separate cases of early- and late-onset sepsis as well as preterm and full-term infants. Likewise, Reier-Nilsen [22], in preterm neonates with suspected infection in the first week of life, compared blood culture with broad-range PCR 16S rDNA, indicating that the latter enhances both sensitivity and specificity in diagnosing confirmed bacterial sepsis. Similarly, other investigations using 16S rDNA PCR targeting specific regions of bacteria related to neonatal sepsis (Streptococcus agalactiae, Escherichia coli, and L. monocytogenes) have shown better diagnostic performance, especially in culture-negative cases [23,24]. However, research in adults with sepsis using PCR of variable regions of the 16S rDNA and Sanger sequencing has reported the effectiveness of identifying bacteria in patients who have received previous antibiotic treatments and with negative cultures, thus improving stewardship strategies for antibiotic use [25]. The data obtained in this study were consistent with this information. However, it is important to highlight that this study, unlike those previously cited, focused on the analysis of preterm infants with suspected early-onset neonatal sepsis, which was the group that most frequently received antibiotics in the neonatal unit and experienced greater complications owing to unnecessary antibiotic use.



Molecular testing identified bacteria in preterm infants with suspected early-onset sepsis and negative culture results. PCR of the V4 region of 16S rDNA allows for the broader detection of bacteria. This information is important for several reasons. First, this group of patients received most of the antibiotics prescribed in the neonatal unit. Second, false-negative culture results are frequent because of the presence of uncultivated bacteria or difficult-to-isolate organisms and a history of antibiotic use in the mother [26]; the test is especially interesting in the scenario of negative cultures. Third, the test results were available more quickly than when using cultures. This would make it possible to promptly decide on the need for antibiotics, thereby reducing unnecessary exposure to antibiotics and the side effects in this group of patients. However, it is important to recognize that the primers chosen for the variable regions (V1–V9) have an impact on microorganism identification. Although there is no consensus on which V region provides the best results, combining these two regions is recommended. Additionally, it has limitations in terms of diversity resolution and taxonomic analysis [27].



Some bacteria identified in this study were uncultivated bacteria or organisms that were difficult to isolate in traditional cultures. The most frequently identified bacteria were the Pseudomonas spp. Pseudomonas mendocina is a rare cause of infection in humans and has been reported in only 16 adult patients [28]; however, it was identified in the blood of newborns who died during this study. Pseudomonas putida is rarely reported in outbreaks of bacteremia in neonatal units [29]. Conversely, Pseudomonas indoloxydans has not been previously reported to infect humans or neonates and may be a component of the neonatal microbiota [30]. Similarly, although Lachnospiraceae has been identified by PCR of 16S rDNA in amniotic fluid from mothers with neonates who developed early-onset neonatal sepsis [31], it has also been identified as a beneficial microorganism, and its integration into the gut microbiome is necessary for proper neurodevelopment [32].



Regarding the group of preterm infants with no identified risk factors for infection and bacterial DNA, the following considerations were made: The patients required procedures and stabilization in the delivery room, which could have caused transient bacteremia. Likewise, the sociodemographic characteristics of the maternal population treated in the hospital are socially vulnerable from low economic strata, exposed to antibiotic cycles during pregnancy, and carry social risk factors such as malnutrition, which may also explain the transient bacteremia of vertical acquisition.



Regarding the limitations of this study, several considerations are presented. Although, in principle, the identification of bacterial DNA in sterile samples under strict asepsis and antisepsis measures points toward infection, analyses should be carried out to clarify whether bacterial identification is the etiological cause of sepsis [33]. A semiquantitative analysis of the results based on the cycle threshold (Ct) value was proposed, assuming etiological significance when Ct values were low, indicating high pathogen loads [34]. Several statistical approaches have been developed based on the correlation between the relative abundance of samples and the sequencing depth [35]. However, these techniques have limitations in Sanger sequencing [36]; therefore, semiquantitative or diversity analyses were not performed in this study. However, the sample size only allows for descriptive and exploratory analyses of the information, thus preventing the performance of association tests. This initial study of preterm neonates with suspected infection was designed as an exploratory study because of the limitations of research in this specific group of neonates. It is important to recognize the difficulty in recruiting these patients because of their vulnerability. In the future, this study should be scaled up by increasing the sample size to enable the reproduction and generalization of the results.




5. Conclusions


In conclusion, PCR V4 16S rDNA allowed the identification of bacteria in the blood of preterm infants with suspected early-onset sepsis and negative cultures. Continued research on variable region PCR and Sanger sequencing in this group of neonates is recommended, as it is a reliable and low-cost method for bacterial identification in neonates with sepsis with a shorter outcome time. Research in this field could allow these tests to be included in neonatal stewardship programs.
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