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Background: In neonatal sepsis, anemia, leukocytosis, thrombocytopenia, and a shortened coagulation time are the most common
hematologic abnormalities. However, there is inadequate information regarding the hematological abnormalities in neonatal sepsis.
Thus, we aimed to determine the magnitude of hematological abnormalities in neonatal sepsis.

Methods: This is a cross-sectional study that included 143 neonates with culture proven sepsis aged 1-28 days from September 2020
to November 2021 at the University of Gondar Specialized Referral Hospital. The sociodemographic data was collected using a pre-
tested structured questionnaire, and the clinical and laboratory data was collected using a data collection sheet. A total of 2 mL of
venous blood was taken using a vacutainer collection device for the complete blood count (CBC) and blood culture analysis. A
univariate and multivariate logistic regression model was used to investigate factors associated with hematological abnormalities in
neonatal sepsis. Statistical significance was declared when a p-value was less than 0.05.

Results: The prevalence of anemia, thrombocytopenia, and leucopenia in neonatal sepsis was 49% (95% CI: 40.89-57.06), 44.7%
(95% CI: 36.8-52.9), and 26.6% (95% CI: 22.01-29.40), respectively. On the other hand, leukocytosis and thrombocytosis were found
in 7.7% (95% CI: 4.35-13.25) and 11.9% (95% CI: 7.56-18.21), respectively. Being female (AOR: 3.3; 95% CI: 1.20-3.82) and being
aged less than 7 days (AOR: 2.44; 95% CI: 1.6-6.9) were found to be significant predictors of anemia.

Conclusion: The magnitude of anemia, leucopenia, and thrombocytopenia is high in neonatal sepsis. Furthermore, being female and
being younger than 7 days were risk factors for anemia. Thus, the diagnosis and treatment of anemia, leucopenia, and thrombocy-
topenia prevents further complications in neonatal sepsis.
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Background
Neonatal sepsis is a systemic illness caused by bacteria, viruses, or fungal infections. Furthermore, it is linked to
hemodynamic alterations and clinical findings, as well as bringing substantial morbidity and mortality.! Neonatal sepsis
is a clinical syndrome caused by systemic bacterial infection documented by a positive blood culture in the first 4 weeks
of life.? Tt can be defined by positive blood and/or cerebrospinal fluid (CSF) culture.® Sepsis occurring in the first 72
hours of life is defined as early-onset sepsis (EOS) and that occurring beyond 72 hours as late-onset sepsis (LOS)."*>
According to the global burden of disease study 2016/2017, there are 1.3 million yearly incident cases of neonatal
sepsis worldwide, resulting in 203,000 sepsis-attributable deaths.®’ In 2014, roughly 5.3-8.7 million disability-adjusted
life-years were lost in Sub-Saharan Africa due to neonatal sepsis and subsequent long-term morbidity.® A systematic
review and meta-analysis conducted in Ethiopia confirmed that the prevalence of neonatal sepsis was found to be 45%.°
The Amhara region had the highest prevalence of neonatal sepsis (64%).” Hematological parameters are straightforward
variables that may be derived from a patient’s hemogram.'® The ability to count the various subsets of leukocytes in a
patient’s peripheral blood is a helpful tool for detecting a variety of disorders and diseases. Neutrophils play a critical part
in the immune response during infection by producing cytokines that attract macrophages and phagocytizing cellular
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debris. An elevated absolute neutrophil count (ANC) is a common observation in an infectious or inflammatory illness."!
WBC counts alter significantly during a systemic inflammatory response, resulting in neutrophilia and/or relative
lymphocytopenia. Thrombocytopenia is common complication in neonatal sepsis. Sepsis-induced thrombocytopenia is
caused by a decrease in platelet synthesis in the bone marrow, which can be caused by antibiotics, the inhibitory impact
of pathogenic toxins, inflammatory mediators in hematopoiesis, or hemophagocytosis.'> Pre-existing conditions that
contribute to chronic anemia before admission to the intensive care unit are frequently present in sepsis, such as low
nutritional conditions, co-morbidities such as renal failure, or rigorous cancer therapy.'?

In our study area, there is inadequate information regarding the hematological abnormalities and associated factors in
neonatal sepsis. Thus, the present study aimed to determine the magnitude and associated factors of hematological
abnormalities in neonates with sepsis. The findings could serve as a basis for further research in this field.

Methods and Materials

Study Design, Setting and Populations

This study was conducted prospectively on a total of 143 neonates aged 1-28 days admitted to the University of Gondar
Specialized Referral Hospital from September 2020 to November 2021. The source population included all neonates who
developed sepsis and were admitted to the hospital’s neonatal intensive care unit (NICU). The study population consisted
of neonates who developed sepsis that was confirmed by blood culture. Participants with preterm, induced abortion
delivery, congenital anomalies, inborn error of metabolism, severe jaundice and respiratory distress syndrome, surfactant
deficiency, extreme low birth weight newborns, mothers with pregnancy-induced hypertension, and neonates with
asphyxia were excluded from the study.

Study Variables

Anemia, thrombocytopenia, thrombocytosis, leukopenia, and leukocytosis were considered as a dependent variable. The
independent variables were sociodemographic (age, sex, and place of residence) and clinical characteristic (presence of
fever, hypothermia, respiratory rate, coinfection (pneumonia, meningitis)).

Operational Definitions
Proven sepsis: There will be clinical and laboratory findings, as well as evidence of the pathogenic bacterium in sterile
field cultures.'*

Anemia: is considered when the hemoglobin (Hgb) value is less than 13.5 g/dl.'?

Leukopenia and leukocytosis: were considered when the WBC count is less than 7.64 x10°/1 and greater than 22.16
x10%/1, respectively.'

Thrombocytopenia and thrombocytosis: were considered when the platelet counts were less than 132.8 x10°/1 and
413.4 x10°/1, respectively.'

Data Collection Procedures

A pre-tested structured questionnaire was used to collect sociodemographic data, and a data collection sheet was used to
obtain clinical and laboratory data. Prior to the data collection procedure, the data collectors (nurses and medical
laboratory personnel) received training. To ensure that the data is of high quality, the principal investigator inspects
the entire data collection procedure.

Blood Sample Collection

A laboratory technologist collected venous blood samples after obtaining approval from the study participants’ parents. A
total of 2 mL venous blood with K2EDTA anticoagulant was collected by using a vacutainer collection system for CBC
tests and blood culture analysis. The CBC parameters were determined using a Sysmex KX2IN (Sysmex Corporation,
Japan) hematology analyzer. A commercially prepared known blood samples (normal, abnormal low, and abnormal

high), background checks, and machine maintenance was performed to assure the quality of CBC analyzer.'®
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Statistical Analysis

Epidata version 4.6.02 and statistical package for social sciences (SPSS) version 25 software were used data entry and
analysis, respectively. Shapiro—Wilk test was used to assert the normality of the data. Continuous quantitative data was
presented using mean and standard deviation (SD), whilst qualitative data were expressed in number of cases and percentage
(%). A univariate and multivariate logistic regression model was used to determine factors associated with hematological
abnormalities in neonatal sepsis. Adjusted odds ratios (AOR) and crude odds ratio (COR) were estimated along with the 95%
confidence intervals. The fitness of the model was checked by using Hosmer-Lemeshow goodness-of-fit test.

Ethical Declarations

The study was conducted after approval of the protocol by the Ethical Review Committee (ERC) of the School of
Biomedical and Laboratory Sciences, College of Medicine and Health Sciences, the University of Gondar, with a
reference number of SBMLS/2453/12. The study followed the declaration of Helsinki. A letter of authorization was
also issued by the chief clinical director of the hospital. To secure confidentiality, information obtained from participants
has been encrypted. Information that could reveal the identity of the participants was not recorded. The computerized
data was authorized by the principal investigator only.

Result

Participant’s Demographic and Clinical Characteristics

Of the 143 neonates with sepsis, 91 (63.6%) were male and 52 (36.4%) were females. Participant’s ages ranged from
1-40 days with a mean of 8.58 £ (6.98) days. Fever was detected in 138 (96.5) of the participants while 66 (46.2) take
antibiotic therapy. Gram Positive bacteria were isolated in 73 (51%) of neonates with sepsis (Table 1).

Table | Sociodemographic and Clinical Characteristics of Neonates with
Culture-Proven Sepsis

Parameters Categories Number Percentage
Gender Male 91 63.6

Female 52 36.4
Fever Yes 138 96.5

No 5 35
Hypothermia Yes 2 1.4

No 141 98.6
Increased respiratory Yes 36 25.2
rate No 107 748
Suspicion of pneumonia Yes 13 9.1

No 130 80.9
Suspicion of meningitis Yes 3 2.1

No 140 97.9
Antibiotics therapy Yes 66 46.2

No 77 53.8
Gram positive bacteria Yes 73 51
Gram negative bacteria 53 37.1
Yeast cell 17 11.9
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Figure | Common bacterial isolates in neonatal sepsis.

Bacterial Isolates in Neonatal Sepsis
The common bacteria isolates involved in neonatal sepsis were Coagulase-Negative Staphylococci (CoNS), Klebsiella
Pneumoniae and Staph. Aureus (Figure 1).

Hematological Parameters
The mean and SD value of red blood cell (RBC), WBC, and platelets were 5.5+14.82, 11.8+6.88, and 203.3+153.12,
respectively (Table 2).

Magnitudes of Hematological Abnormalities in Neonatal Sepsis

Anemia was determined by using the Hgb cutoff values (13.5 g/dl) after adjusting for altitude. The Hgb value was
adjusted by subtracting 0.8 g/dl since the study areca has an altitude of 2133 m. The prevalence of anemia,

Table 2 Hematological Parameters in Neonates with Culture-Proven

Sepsis
Hematological Parameters Mean Standard Deviation
RBC 5.5 14.82
Hgb 13.76 4.35
WBC 11.8 6.88
Platelet 2033 153.12
MCV 98.2 30.65
Neutrophil percentage 553 19.2
Lymphocyte percentage 343 17.74
Absolute neutrophil count 77 5.90
Absolute lymphocyte count 37 2.31

Abbreviations: Hgb, hemoglobin; MCV, mean cell volume; RBC, red blood cell; WBC,
white blood cells.
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Figure 2 Magnitude of hematological abnormalities in neonatal sepsis.
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Figure 3 Distribution of anemia by gender in neonatal sepsis.

thrombocytopenia, and leucopenia in neonatal sepsis were 70/143 (49% (95% CI: 40.89-57.06)), 64/143 (44.7% (95%
CI: 36.8-52.9)), and 38/143 (26.6% (95% CI: 22.01-29.40)), respectively. On the other hand, leukocytosis and
thrombocytosis were found in 11/143 (7.7% (95% CI: 4.35-13.25)) and 17/143 (11.9% (95% CI: 7.56-18.21)),
respectively (Figure 2).

Anemia was more common in female neonates (67.3%) than male neonate (38.5%) (Figure 3). Besides, anemia is
more common in EOS (85.7%) than LOS (14.3%). However, significant differences are not found in the magnitude of
thrombocytopenia and leucopenia between EOS and LOS (Table 3).

Determinant Factors of Anemia in Neonatal Sepsis

In order to determine the associated factors, variables like age, gender, fever, increased respiratory rate, and
suspicion of pneumonia were analyzed. Of these variables in bivariate logistic regression analysis, age and gender
showed an association with anemia status in neonatal sepsis study participants. Then, those variables with a

Table 3 Comparison of Hematological Abnormalities Between EOS and LOS in Neonatal Sepsis

Variables Categories EOS LOS p-value

Anemia Yes 60 (85.7%) 10 (14.3%) <0.01
No 31 (2.42%) 42 (97.58%)

Leucopenia Yes 11 (29%) 27 (71%) 0.965
No 30 (28.6%) 75 (71.4%)

Thrombocytopenia Yes 20 (31.25%) 44 (68.75%) 0.855
No 24 (30.4%) 55 (69.6%)

Abbreviations: EOS, early-onset sepsis; LOS, late-onset sepsis.
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Table 4 Determinant Factors of Anemia in Neonatal Sepsis

Characteristics Category Anemia COR (95% CI) AOR (95% CI)
Yes (%) No (%)
Agelyears <7 days 27 (38) 44 (62) 2.41 (1.23-4.73) 2.44 (1.6-6.9)*
27 days 43 (59.7) 29 (40.3) 1? ?
Gender Male 35 (38.5) 56 (61.5) ? ?
Female 35 (67.3) 17 (32.7) 3.3 (1.6-6.7) 3.32 (1.20-3.82)*
Fever Yes 67 (48.55) 71 (51.45) 0.65 (0.10-4.06) -
No 3 (60) 2 (40) ?
Increased respiratory rate Yes 18 (50) 18 (50) 1.03 (0.48-2.21) -
No 52 (48.6) 55 (51.4) 1?
Suspicion of pneumonia Yes 7 (53.85) 6 (46.15) 1.12 (0.34-3.8) -
No 63 (48.46) 67 (51.54) ?

Note: 1? indicates reference category *indicates statistically significant at level of P < 0.05.
Abbreviations: AOR, adjusted odd ratio; COR, crude odd ratio; Cl, confidence interval.

p-value less than 0.2 were conformed to multivariate logistic regression analysis. Accordingly, after adjusting for
potential confounding variables, multivariate analysis affirmed that being female (AOR: 3.3; 95% CI: 1.20-3.82)
and age less than 7 days (AOR: 2.44; 95% CI: 1.6—6.9) were found to be significant predictors of anemia in
neonates with sepsis (Table 4).

Discussion

Neonatal sepsis results in high rates of morbidity and mortality.!” Early and precise detection of sepsis will improve
clinical outcomes and reduce antibiotic usage.'® Anemia, leukocytosis, thrombocytopenia, and activation of the hemo-
static system are the most common abnormalities of the hematologic system in patients with sepsis. Hematologic organ
system dysfunction is a common early indicator of severe sepsis, and it can be found in almost all patients."

The prevalence of anemia in newborn sepsis was 49% (95% CI: 40.89-57.06) in the current study. This showed that
half of the infants develop anemia in neonatal sepsis. The current study confirmed that anemia is a major public health
concern in newborn sepsis, according to the WHO guideline for the diagnosis and assessment of the severity of anemia.?
Changes in the mechanical characteristics of RBCs in sepsis patients may limit microcirculatory blood flow, resulting in
decreased tissue oxygen supply. A low RBC count is a sign of sepsis, which can be caused by a number of mechanisms
involving RBC formation or survival.?! A low RBC count is a sign of sepsis, which can be caused by a number of
mechanisms involving RBC formation or survival.”? Functional iron depletion, diminished erythropoietin production,
infection, and inflammation could all cause RBC production to be suppressed. In addition, RBC loss during sepsis may
occur as a result of pre-existing clinical conditions, including cancer, liver disease, or renal impairment, as well as new-
onset multi-organ dysfunction, especially of the liver and kidney. Disseminated intravascular coagulation (DIC),
pathogen-associated hemolysis, hypoadrenalism, and dietary insufficiency are all contributory causes. Furthermore,
volume resuscitation-induced hemodilution is linked to a lower RBC count. Furthermore, blood loss might occur as a
result of repetitive phlebotomy, through the gastrointestinal tract, or surgical procedures. Blood withdrawal is predicted to
result in a daily loss of 24 to 41 mL of blood.”” Anemia can develop in people with severe sepsis as a result of
hemorrhage. In the vast majority of cases, the etiology and source of blood loss are obvious. In patients who get septic
after significant trauma, such as bleeding into the soft tissues of the thigh or the retroperitoneum, the source of anemia
may be less obvious. Repeated phlebotomies, which are required to take blood in order to identify and monitor patients
with urgent conditions such as severe sepsis, can result in significant blood loss."’

In this study, anemia is more common in EOS than LOS patients. A study by Ogundare et al showed that the mean
hematocrit and mean platelet count were all significantly lower among the babies with EOS compared with LOS.?
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Studies have shown that sepsis is often complicated by anemia. Therefore, the occurrence of sepsis is often accompanied
by varying degrees of a reduction in Hgb concentration. A decrease in Hgb concentration may cause ischemic and
hypoxic damage to the body, causing redistribution of blood and microcirculation disorders.*

Leucopenia was seen in 26.6% of infants with sepsis in this study. Lymphocytopenia, neutrophilia, eosinopenia, and
an increased neutrophil to lymphocyte ratio are all common results on a CBC of a patient with sepsis. An increase in the
total WBC count is frequently associated with inflammation and infection. It can, however, be altered in a variety of
clinical situations, including hemopathy and inflammatory non-infectious diseases such as rheumatoid arthritis, lupus,
and septic malignancy.”® In comparison to leukocytosis, leukopenia has been demonstrated to be a better predictor of
neonatal sepsis and is more informative in infections caused by gram negative bacteria. On the other hand, an increase in
total leukocyte count (TLC) in severe neonatal infections, possibly as a result of the secretion of growth factors and
cytokines that accelerate bone marrow production. Virus-infected neonates usually have a normal TLC or a slightly
reduced WBC count.”®

Thrombocytopenia commonly happens in neonates with sepsis.”” Even if the pathophysiology of neonatal sepsis and
platelet count is not fully implicit, the most probable cause of platelet count reduction is mostly associated with damage
that happens to the endothelial cells, which causes activation of reticuloendothelial cells and leads to platelet removal.
This commonly happens at the late stage of the infection, and it indicates there is a low disease prognosis.”® Furthermore,
thrombocytopenia in neonatal sepsis can be caused by reduced megakaryocyte count, high sequestration and destruction
of platelets due to infection, direct cytotoxicity from bacterial endotoxins, hemophagocytic lymphohistiocytosis, DIC,
and drug-induced thrombocytopenia, and is commonly related to neonatal sepsis.®**° In this study, thrombocytopenia
was found in 44.7% of neonates with sepsis. This magnitude is in line with a study conducted by Bhat et al in which
thrombocytopenia was confirmed in 41.7% of culture proven sepsis.’' Similarly, the current study result can be
considered similar to a study done in the Netherlands reporting that thrombocytopenia was found in 49% of neonates
with sepsis.?® In contrast, the observed thrombocytopenia can be considered a lower finding than a report in Pakistan with
61% and India with 83.5%.7%** However, it is higher than a finding in Nepal, where the magnitude of thrombocytopenia
was detected among 24.9% of culture positive cases.>* The discrepancy might be related to changes in environmental and
genetic factors.

In the current study, the dominant types of bacteria isolated were CoNS, followed by Klebsiella Pneumoniae, and
Staphylococcus aureus. A study conducted by Ghotaslou et al in Iran also confirmed that the most common organism was
CoNS.** The reason for the dominancy is mostly related to the fact that these bacteria are commonly found on skin and
they may be introduced to the neonate during medical procedures or the bacteria may be introduced from the
environment to the neonate during handling. The CoNS are also commonly found on NICU wards.>*>” These bacteria
can cause mild to moderate disease and may aggravate adverse neurodevelopmental outcomes as well as chronic lung
disease.*® Also, CONS infections can cause increased hospital costs and prolonged hospital stays.>® Klebsiella infection is
frequently linked to nosocomial infection. However, if the neonates are admitted to the hospital for any reason, Klebsiella
bacteria can be introduced to the neonate during medical procedures, handling, or contamination from the environment.*
It may be due to a strong correlation between the colonization of neonates at sites such as the respiratory and
gastrointestinal tracts and the subsequent development of infection.*®*' As a result, this bacteria can cause prolonged
hospitalization, high service costs, and high mortality rates in neonatal patients.**

In this study, multivariate analysis affirmed that being female and having less than 7 days of age were significantly
associated with anemia in neonates with sepsis. However, we failed to find a published literature to justify these factors.
This indicates the lack of adequate investigations into the hematological abnormalities and factors associated with them
in neonates with sepsis. Consequently, we recommended researchers to investigate the independent predictors of
hematological abnormalities in neonatal sepsis.

This study had its own limitation. The clinical outcomes and markers of severity of illness were not evaluated in this
study. We failed to investigate inflammatory markers such as c-reactive proteins and erythrocyte sedimentation rate and
also a new diagnostic markers such as neutrophil to lymphocyte ratio, mean platelet volume, immature to total neutrophil

ratio in the current study.
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Conclusion

The magnitude of anemia and thrombocytopenia is high in neonatal sepsis. Besides, being female and aged group less
than 7 days were determinant factors of anemia. Thus, the diagnosis and treatment of anemia, leucopenia, and
thrombocytopenia prevents further complications in neonatal sepsis.

Abbreviations

CBC, complete blood count; CoNS, coagulase-negative staphylococci; CSF, cerebrospinal fluid; EOS, early-onset sepsis;
Hgb, hemoglobin; LOS, late-onset sepsis; NICU, neonatal intensive care unit; NLF-GNR, non-lactose fermenter gram
negative road; RBC, red blood cells; TLC, total leukocyte count; WBC, white blood cells.
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