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Introduction: Sepsis is common among neonates, and is often fatal. Hospitalization results in severe nosocomial infections which
could be resistant to antibiotics. It also incurs higher fees for medical care.

Methods: A retrospective follow-up study, which includes 206 neonates, was conducted to assess the length of hospital stay among
neonatal sepsis patients from September 2018 to September 2020 at TASH Hospital, Addis Ababa, Ethiopia. Data were collected from
medical charts. Mean length of hospital stay was compared using independent sample #-tests. Risk factors for length of stay were
identified using binary logistic regression analysis.

Results: All neonates stayed a total of 325 days, which gives 75,512 neonate-days. Neonates who stayed more than 7 days had low
mean birth weight and higher mean age at admission. Mean length of stay was higher among neonates with comorbid illness, neonates
with drug therapy problems and male neonates. Even though the mean length of stay is shorter among neonates with maternal PROM
and CS delivery, these maternal factors were found to be insignificant in the multivariate logistic regression.

Discussion: Similar to other studies, neonates with low birth weight and comorbidity had a longer hospital stay. Neonates with
maternal PROM and CS delivery had a shorter stay. But these maternal factors, identified by prior studies as risk factors for neonatal
sepsis and its mortality, are not found to be predictors of prolonged hospitalization. Having neurologic features and drug therapy
problems among neonates with sepsis prolonged hospital stay.

Conclusion: The mean length of stay varies with respect to maternal and neonatal factors. Lower birth weight, presence of neurologic
features, presence of comorbidity, presence of drug therapy problems and being male are found to be predictors of a longer hospital
stay among neonates with sepsis.
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Introduction

Newborn babies less than 28 days can encounter a bloodstream infection known as neonatal sepsis (NS).'? Epidemiology
indicates that up to 3 million sepsis cases occur per year among neonates, with a global mortality of 400,000-700,000
every year.’

Sepsis among neonates can be classified into early onset and late onset. Early onset neonatal sepsis (EONS) is
diagnosed among neonates with age less than seven days and it is caused by infection developed in the mother earlier and
in the course of delivery and transmitted by way of bloodstream or placenta. Late onset neonatal sepsis (LONS) is
diagnosed among neonates with age above seven days and neonates acquire this infection once delivered.** According to
the global estimates of neonatal sepsis, EONS is 2.6-fold more prevalent compared to LONS.® This estimate comprises
data from 2 low-income, 20 middle-income and 4 high-income countries which do not show the actual incidence in
developing nations where LONS is more common than EONS.
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Causative organisms for sepsis among neonates vary between low-income and high-income countries.” Prevalent
pathogens causing sepsis among neonates in low-income countries include: Staphylococcus aureus, Escherichia Coli and
Klebsiella species.®

Treatment guidelines for neonatal sepsis suggest hospital admission as well as parenteral treatment containing
gentamicin with benzyl penicillin or ampicillin for a minimum of seven to ten days.>’ Clinicians may also consider
the use of second-generation cephalosporins and vancomycin. Duration of hospital stay is determined depending on
patient wellbeing and the pathogen identified by the culture and sensitivity tests.

Multiple births, not attending antenatal care (ANC), cesarean section (CS) delivery, absence of breastfeeding
immediately after delivery, premature birth, low birth weight, EONS and duration of hospitalization are found to be
predictors of neonatal sepsis morbidity.gf13

Prolonged hospitalization among neonates increases the chance of acquiring a new infection, which increases cost of
treatment. It also complicates the selection of antibiotics. Hence, assessing length of hospital stay and its contributing factors
among neonatal sepsis patients helps to design plans which can solve problems and thus improves patient outcomes.

This study aimed to assess the mean length of hospital stay as well as to identify its predictors among neonates treated
at a resource limited set up.

Methodology

Study Area and Study Design
The study was undertaken at a university hospital (Tikur Anbessa Specialized Hospital [TASH]) in Addis Ababa,
Ethiopia. It is a tertiary hospital with multiple specialty departments. Study participants were recruited from neonatal
intensive care unit (NICU) which is under the pediatrics department.'

A retrospective follow-up study among neonates admitted at NICU was conducted from September, 2018 to
September, 2020.!

Eligibility Criteria

Neonates with age <28 days admitted at NICU and who had sepsis diagnosis clinically or with culture were included in
the study. Neonates who were treated for less than 2 days as well as who left against medical advice or referred to another
healthcare facility were excluded from the study.

Sampling Technique and Sample Size

The sample size for this cohort study was determined considering a 95% level of confidence interval, 80% power and
adjusted hazard ratio of 0.34, as depicted in an earlier Ethiopian study.'® A total of 206 neonates who were admitted to
the NICU from September, 2018 to September, 2020 were enrolled in the study by systematic random sampling method.
The first medical chart was selected using simple random sampling and consecutive medical charts were selected every 5
for SVD-delivered and every 10 for CS-delivered neonates till we achieved the total number of study participants, which
is 137 neonates with SVD-delivery and 69 neonates with CS-delivery.

Data Collection and Analysis

Data were collected using a structured questionnaire prepared in English which was adapted from previous studies™'*'*

and
includes sociodemographic characteristics, mode of delivery, maternal predictors, signs and symptoms and sepsis type, treatment
modality and length of hospital stay. Two nurses working at NICU ward were enrolled as data collectors after training.

Data was entered and analyzed using SPSS version 25. Frequency, mean and percentage were calculated to describe
the findings. The mean length of hospital stay was compared between different categorical variables using the
independent samples #-test. Regression analysis was employed for assessing risk factors of length of hospitalization.

Statistical significance was determined at p-value <0.05.
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Ethical Considerations

The study has got ethical clearance from Pharmacy School at Addis Ababa University, with a reference number ERB/
SOP/201/02/2020. Being a retrospective follow-up study, we have used secondary data abstracted from medical charts.
Consent was obtained from NICU; thus informed consent from the parents of the study participants was not required for
the study and was exempted by the ethics committee. Patient identifiers were not recorded during data collection to keep
confidentiality. This study complies with the Declaration of Helsinki.

Operational Definition
e Neonatal sepsis: defined as blood-stream infection among neonates aged <28 days,”'” diagnosed by the attending physician
either clinically or by blood culture. For clinical diagnosis of sepsis, physicians in our set-up used fever, complete blood
count findings, inflammatory markers and respiratory, gastrointestinal, neurologic and metabolic features.
e Length of hospital stay: classified as early if it is less than or equal to seven days and late or prolonged if it is for
longer than seven days.

Results

Participants’ Sociodemographic Characteristics

This study recruited 206 neonates. Male neonates accounted for 56.8%. Neonates had a mean age of 2.63 days. Low birth
weight (weight less than 2.5 kg) was recorded among 44% of study participants. We had 5 overweight neonates (>4 kg),
91 low birth weight neonates (<2.5 kg) and 110 normal birth weight neonates (2.5—4 kg). ANC attendance was recorded
among majority of participants. Term delivery accounted for 58.3% (Table 1).

Table | Sociodemographic Features of Participants Admitted at NICU, TASH, Addis
Ababa, Ethiopia

Variables Classification Frequency (%)
Gender Male 117(56.8)
Female 89(43.2)
Age at admission (days) 0-7 189(91.7)
8-28 17(8.3)
Birth weight (kg) Normal birth weight (2.5—4 kg) 110(53.4)
Low birth weight (<2.5 kg) 91(44.2)
Over weight (>4 kg) 5(2.4)
Residence Rural 29(14.1)
Urban 177(85.9)
Birth level of neonates Para | 125(60.7)
Para 2 42(20.4)
Para 3 24(11.7)
Para 4 10(4.9)
Para >4 5(2.4)
History of prenatal follow-up Yes 200(97.1)
No 6(3.0)
Place of delivery Hospital 107(51.9)
Health center 84(40.8)
Clinic 13(6.3)
Other 2(1.0)
Gestational age Term 120(58.2)
Preterm 80(38.8)
Post-term 5(2.4)
Unknown 1(0.5)
International Journal of General Medicine 2022:15 htps: 8135
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Clinical Data

Considering maternal risk factors for neonatal sepsis, 78 mothers (37.9%) had experienced premature rupture of membrane
(PROM). Chorioamnionitis was seen among 17 (8.3%) mothers. Maternal labor lasting <18 hours was recorded for 84.4% of
the neonates. Maternal UTI and febrile history was absent among majority of the neonates (Table 2).

With respect to the medical history, more than 80% of neonates did not have prior hospitalization: 71.4% of neonates
had EONS and 52 neonates had comorbidity. Neonatal jaundice accounted for the highest comorbidity. More frequent
focus of sepsis infection was CNS and chest (Table 3).

During the study period, a total of 76 samples were sent for culture, of which nearly 41 samples were sent after
empiric treatment with antibiotics. Culture and gram stain results were received only for 12 neonates and the specific
pathogens identified were K.pneumonia (ie predominant pathogen that is identified in 7 neonates), E.coli,
Acitinobacteracia, Enterobacteracia and MRSA. Culture and sensitivity data showed bacterial growth among 12 neonatal
sepsis patients and gram-negative pathogens were common.

The most common symptom among the study participants was GI symptom followed by respiratory symptom,
which existed in184 (89.3%) and 100 (48.5%) neonates, respectively (Table 4). The reported GI symptoms were
poor feeding, vomiting and abdominal distension. The respiratory symptoms were irregular respiration/tachypnea,
flaring and granting and chest retraction. Reported neurologic features were tremor/seizure, decreased activity/
lethargy and irritability (Table 4).

Antibiotics were prescribed empirically for 195 (94.7%) neonates; 81.6% of the prescriptions consisted of Ampicillin
with Gentamicin, while 13.1% of the prescriptions were for Ampicillin with ceftriaxone (Figure 1).

Table 2 Maternal Predictors of Sepsis for Neonates Admitted at
NICU, TASH, Addis Ababa, Ethiopia

Variables Classification | Frequency (%)
Duration of labor (hours) <I8 174(84.5)
>18 30(14.6)
Unknown 2(1.0)
Premature rupture of membranes | Yes 78(37.9)
No 124(60.2)
Unknown 4(2.0)
Urinary tract infection during No 200(97.1)
delivery Unknown 6(2.9)
Discharge during pregnancy Yes 10(4.9)
No 190(92.2)
Unknown 6(3.0)
Febrile history of mother Yes 10(4.9)
No 190(92.2)
Unknown 6(3.0)
History of Chorioamnionitis Yes 17(8.3)
No 183(88.8)
Unknown 6(2.9)
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Table 3 Medical History of Neonatal Sepsis at TASH, NICU, Addis
Ababa, Ethiopia (n = 206)

Variable Category Frequency (%)
Previous hospital admission of neonate | Yes 34(16.5)

No 172(83.5)
Comorbid illness Yes 52(25.2)

No 154(74.8)
Current diagnosis EONS 147(71.4)

EONS+ Jaundice | 24(11.7)

LONS 10(4.9)

Others 25(12.1)
Type of sepsis EONS 189(91.7)

LONS 17(8.3)
Focus of infection CNS 40(19.4)

Gastro intestinal | 5(2.4)

Chest 31(15.0)

CNS + Chest 5(2.4)

Not recorded 125(60.7)

Abbreviations: EONS, Early onset neonatal sepsis; LONS, Late onset neonatal sepsis; CNS,
Central nervous system.

Table 4 Clinical Symptoms of Neonatal Sepsis Among Neonates Admitted at
TASH, Addis Ababa, Ethiopia (n = 206)

Variable Category Frequency (%)
Fever Yes 63(30.6%)
No 143(69.4%)
Respiratory feature Present 100 (48.5%)
No respiratory feature 106(51.5%)
Gastro intestinal Present 184 (89.3%)
No symptom 22(10.7%)
Neurological feature Present 47 (22.8%)
No symptom 159 (77.2%)
Metabolic feature Normal 14(6.8)
Hypoglycemia 14(6.8)
Hyperglycemia 1(0.5)
Not done 177(85.9)

Length of Hospital Stay

All 206 neonates stayed a total of 325 days, which gives 75,512 neonate-days. The mean length of hospital stay is 8.92
days (+ 6.18 SD) (min 3 days, max 30 days). Based on the category of length of hospital stay used in our study, 129
(62.6%) neonates stayed for <7 days while 77 (37.4%) neonates stayed for longer than 7 days.
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Figure | Antibiotic regimen percentages prescribed for neonates with sepsis admitted at NICU, TASH, Addis Ababa, Ethiopia (Other* Ampicillin + Gentamicin +
Metronidazole; Ampicillin + Ceftriaxone; Cefepime + Vancomycin; Cefepime + Vancomycin + Metronidazole; Ceftriaxone + Azithromycin; Ceftriaxone + Gentamicin).

Comparison of the Mean Length of Hospital Stay
We compared the mean length of hospital stay for different categorical variables using the independent samples #-test.

The mean length of hospital stay was found to be statistically different with respect to mode of delivery, presence of

comorbid illness, gender and presence of premature rupture of membranes (PROM). The current study showed that

neonates with comorbid illness and drug-related problems, neonates delivered by SVD, male neonates and neonates
without PROM had higher mean length of hospital stay (Table 5).
We also compared the length of hospital stay with respect to the mean birth weight and mean age at admission using the

independent samples #-test by assuming equal variances and at a 2-tailed significance level. Results showed that there is statistical

significant difference in the mean of birth weight and mean age between neonates admitted for <7 days and >7 days (Table 6).

Table 5 Mean Difference for Length of Hospital Stay for Sepsis Amongst Neonates Admitted at
NICU, TASH, Addis Ababa, Ethiopia

Variables Classification | Frequency | Mean Length of Stay (£ SD) | p-value

Drug therapy problem | Absent 121 8.0 days (+5.56) 0.018
Present 85 10.1 days (+6.82)

Sex Male 117 10 days (£7.2) 0.000
Female 89 7 days (+3.8)

Mode of delivery SvD 137 9.7 days (+6.8) 0.011
cs 69 7.4 days (¥4.3)

Comorbid illness Yes 52 12.5 days (£8.2) 0.000
No 154 7.7 days (¥4.8)

(Continued)
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Table 5 (Continued).

Variables Classification | Frequency | Mean Length of Stay (* SD) | p-value

Chorioamnionitis Yes 17 10.8 days (+8) 0.180
No 183 8.7 days (+6)

Gestational age Pre-term 80 9.7 days (+6.4) 0.117
Not pre-term 126 8.4 days (+5.9)

PROM Yes 78 6.7 days (+3.7) 0.000
No 124 10.4 days (£7)

Abbreviations: PROM, Premature rupture of membranes; SVD, Spontaneous vaginal delivery; CS, Cesarean section.

Table 6 Independent Samples t-Test for Mean Birth Weight and Age at Admission with Respect to

Length of Hospital Stay

Variable Length of Hospital Stay p-value
<7 Days (N=129) >7 Days (N=77)

Mean birth weight (+ SD) 2.7 Kg (£0.65) 2.4 Kg (£0.83) 0.014

Mean age at admission (+ SD) 2.12 days (£3.3) 3.48 days (+5.4) 0.025

Predictors of Length of Hospital Stay
We did statistical analysis to identify predictors of length of hospital stay using variables including: socio demographic

variables, method of delivery (SVD and CS), clinical presentations, drug-related problems and maternal factors.

Logistic regression analysis was employed to test predictors for length of hospital stay. Univariate logistic regression

analysis was done for the independent variables and we included variables with p-value >0.2 in the multivariate logistic

regression analysis. Multivariate logistic regression analysis showed that birth weight, presence of chorioamnionitis,

presence of neurological features, presence of comorbidities, presence of drug therapy problems and being male were

significantly associated with length of hospital stay (Table 7).

Table 7 Length of Hospital Stay Predictors for Neonatal Sepsis Patients Admitted at NICU, TASH, Addis Ababa, Ethiopia (Multivariate
Logistic Regression Analysis Result)

Variable Length of Stay Adjusted OR (95% CI) | p-value
<7 Days >7 Days

Age at admission (in days) Frequency (Mean%SD) | 129 (2.12 + 3.269) | 77 (3.48 = 5.355) | 1.019 (0.925-1.123) 0.697

Birth weight Frequency (MeantSD) | 129 (2.7 kg £ 0.65) | 77 (2.4 kg + 0.83) | 0.307 (0.161-0.584) 0.000

Sex Male 63 54 2.631 (1.236-5.600) 0.012
Female 66 23

Comorbidity Yes 21 31 3.976 (1.709-9.248) 0.001
No 108 46

Gestational age Term 80 40 0.533 (0.176-1.613) 0.266
Non-term 48 37

(Continued)
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Table 7 (Continued).

Variable Length of Stay Adjusted OR (95% CI) | p-value
<7 Days >7 Days

Fever Yes 33 30 0.404 (0.159-1.025) 0.056
No 96 47

Gl symptom Present 55 47 0.583 (0.256-1.325) 0.198
Absent 74 30

Neurologic feature Absent 11 48 4.37 (1.65-11.54) 0.003
Present 18 29

Respiratory symptom Absent 74 32 1.075 (0.505-2.288) 0.851
Present 55 45

Mode of delivery SvD 80 57 1.295 (0.605-2.770) 0.505
cs 49 20

Chorioamnionitis Yes 7 10 0.134 (0.033-0.540) 0.005
No 19 64

PROM Yes 6l 17 0.458 (0.199-1.052) 0.066
No 65 59

Drug therapy problem identified | No 87 34 0.403 (0.195-0.833) 0.014
Yes 4?2 43

Abbreviations: PROM, Premature rupture of membranes; SVD, Spontaneous vaginal delivery; CS, Cesarean section.

Discussion

In the current study, 137 neonates with SVD-delivery and 69 neonates with CS-delivery were included. All neonates
were diagnosed with sepsis but only 5.82% (n = 12) of cases were culture proven. However, Philippine and Ethiopian
studies indicated greater cases of sepsis proved by blood culture, accounting for nearly half of the neonatal sepsis
cases.>>" 1916 Gram negatives were the predominant pathogens identified in our study, which is similar to other studies
in developing countries in Asia, the Middle East and Africa.'”*? Contradictory result was obtained where gram positive
were predominant over gram negative pathogens, as indicated in different studies.’>*2® The possible explanation for
this difference may relate to the difference in causative pathogens between the regions and the periods. It might be also
associated with other aspects (sample handling, laboratory quality and timing in antibiotic initiation).

Most of the neonates were treated with empiric antibiotics, predominantly by the combination of “Ampicillin +
Gentamicin”. According to WHO guidelines, parenteral Ampicillin with Gentamicin is a preferred treatment for
a neonate having known risk factors of sepsis for no less than 2 days. Nevertheless, using unconventional practices to
use cephalosporin (mostly Cefotaxime) or glycopeptides (mostly Vancomycin) is increasing as recommended therapy,
particularly for LONS because of higher antibiotic resistance among prevalent pathogens like Coagulase negative
staphylococci. For EONS, we can use Ampicillin with 3™ generation cephalosporins (mostly Cefotaxime) as alternative
therapy.”*” Previous Ethiopian studies also showed predominant use of Ampicillin with Gentamicin.'>*® In contrast,
a Pakistani study showed that Amikacin with Cefotaxime was also given as initial therapy.'®> The dissimilarity in the
management approaches can be related to variation of the causative agent for sepsis as well as the antimicrobial
susceptibility pattern among the different set ups.
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The mean length of hospital stay was found to be statistically different with respect to mode of delivery, presence of
comorbid illness, gender and presence of PROM. The current study showed that neonates with comorbid illness, neonates
delivered by SVD, male neonates and neonates without PROM had higher mean length of hospital stay. Absence of
PROM and SVD delivery were previously known to reduce the risk of neonatal sepsis’ ' but this did not necessarily
associate with the length of hospital stay for the treatment of neonatal sepsis. This is shown by our study, where neonates
delivered from mothers with these factors had a prolonged hospital stay. In our study it is observed that neonates who
stayed more than 7 days had low mean birth weight and a higher mean age at admission.

Similar to other studies, the current study showed that lower birth weight is associated with longer hospital stay.>>*° This
is shown by the logistic regression analysis where an increase in birth weight was found to be protective and thus is
associated with a shorter hospital stay, ic <7 days (AOR = 0.3). Neonates with comorbid illness and neurologic features were
more likely to stay longer (AOR = 3.9 and AOR = 4.37 respectively). Male neonates stay longer compared to female
neonates, indicating gender as a predictor of length of hospital stay. Maternal history of Chorioamnionitis is associated with
shorter hospital stay of neonates; this may be due to health professionals’ curiosity and better follow-up care for those
neonates delivered from mothers with Chorioamnionitis as it is a well-known risk factor for neonatal sepsis.

We also found statistical significant difference in the mean length of hospital stay between neonates with and without
drug-related problems (10 days vs 8 days). Absence of drug therapy problem was found to be protective and thus is
associated with a shorter hospital stay, ie <7 days (AOR = 0.4). Neonates with drug therapy problems were 2.5 times
more likely to stay more than 7 days as compared to neonates without drug therapy problems. The drug-related problems
were retrospectively identified by clinical pharmacist and include: sub-therapeutic dosage of antibiotics, use of ineffec-
tive antibiotics, unnecessary use of antibiotics and a need for additional antibiotics among neonates with sepsis. This
finding indicates the importance of solving drug-related problems to shorten the length of hospitalization and is a call for
clinical pharmacists’ involvement in the neonatal ICU of the study set up.

The current study recommends the OBY/GYN department as well as the health professionals to carefully manage
sepsis among neonates as well as contemplate the predictors for length of stay.

Conclusion

The mean length of hospital stay is higher among neonates with comorbid illness, neonates delivered by SVD, neonates
without PROM, neonates with drug therapy problems and male neonates. Neonates who stayed more than 7 days had low
mean birth weight and a higher mean age at admission. But only lower birth weight, presence of neurologic features,
presence of comorbidity, presence of drug therapy problems and being male were found to be significant predictors of
longer hospital stay among neonates with sepsis.
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