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Abstract 

Background:  Neonatal sepsis is the major cause of morbidity and mortality in neonates. Frequency of bacterial 
sepsis is affected by seasonal variations. This study was done to rule out the effects of seasonal variation on neonatal 
sepsis and to determine isolated bacterial agents and their antibiotic sensitivity profile.

Results:  This cross-sectional study included100 neonates with suspected sepsis, and conducted during summer and 
winter seasons. High frequencies of neonatal morbidities were observed like poor feeding (98%), Jaundice (82%), pal-
lor (76%), respiratory distress (66%) and convulsions (64%) in winter, whereas fever (40%) and edema (12%) in summer. 
Statically significant correlation was found between the seasonal variations and different symptomatic expression of 
bacteremia like jaundice, respiratory distress, convulsions and poor feeding (p value < 0.001) in winter, while pallor, 
fever and edema (p value < 0.05) in summer. Our study showed high proportion of neonatal infection with Gram 
negative bacteria, as (40%) Pseudomonas aeruginosa and (16%) Escherichia coli in winter season, while (22%) Entero-
bacter in summer. Carbapenems was very effective against Pseudomonas aeruginosa isolates, Klebsiella pneumonia, 
Enterobacter, Acinetobacter, Escherichia coli, Staphylococcus aureus and Listeria, while theses bacterial isolates showed 
(80–100%) resistance to Unasyn and Cephalosporins (3rd generation).

Conclusion:  This study showed that Seasonal variations had effects on neonatal sepsis regarding their both different 
symptomatic expressions and bacterial isolates. Most of isolates were sensitive to Carbapenems and resistant to both 
Unasyn and Cephalosporins (3rd generation).
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Background
Neonatal sepsis is the major cause of morbidity and mor-
tality in neonates (Mohammad et  al. 2014). Worldwide, 
about 2.8 million neonatal deaths occurred in 2013 (Liu 
et al. 2015). Among the under 5 year-old children deaths, 
neonatal mortality rate raised from 37 to 42% in period 
from 2000 to 2013 (Kassebaum et  al.2014). Almost all 
of these deaths usually occur in low socioeconomic 
countries and about one million of these deaths are due 
to infections like neonatal sepsis, pneumonia and men-
ingitis (Black et  al. 2010). On contrary, the survivors of 

neonatal sepsis usually suffer from short- and long-term 
neurodevelopmental abnormalities (Ferreira et al. 2014).

Developing countries like Egypt represent the majority 
of reported neonatal deaths, globally (Rabie et al. 2015). 
For example, rate of sepsis in neonatal intensive care 
units in Tanta (2019) was 43.94% during the study period 
(Shimaa et al. 2019). Another study performed in South 
Sinai hospitals (2016) declared that incidence of neona-
tal sepsis was about 8.6% during the study period due to 
the abundance of risk factors in this area (Medhat and El 
Kalioby 2017).

Neonatal sepsis is a clinical syndrome manifested by 
symptoms, signs of infection and bacterial pathogen iso-
lation from the bloodstream in an infant 28 days of life or 
younger (Edwards and Baker 2004, Shimaa et al. 2019).
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Major risk factors for neonatal sepsis in low-income 
countries are due to maternal causes as bad environ-
mental hygiene, delivering the babies at home and lack 
of medical services. In addition to these factors, seasonal 
variation of the year can affect the rate of neonatal mor-
bidity and are mostly related to maternal health and the 
postnatal conditions (Donald et al. 2011).

Frequency of other neonatal morbidities as fever, diar-
rhea, sepsis, breast feeding problems, asphyxia, upper 
respiratory infections, skin and umbilical infections 
which are affected by seasonal variation have not been 
evaluated satisfactorily till now (ARIF et al. 2019). Mater-
nal intra-partum fever, birth and admission season, mode 
of delivery and preterm gestational age have increased 
the incidence of neonatal sepsis (Temsegen et al. 2019).

Diagnosis and management of sepsis are a great chal-
lenge facing neonatologists in NICUs. Clinical diagnosis 
at presentation is difficult due to nonspecific signs and 
symptoms. In addition, laboratory diagnosis is time con-
suming (Rabie et al. 2015).

Neonatal sepsis is caused by Gram-positive and Gram-
negative bacteria and Candida (Jumah and Hassan 2007). 
The diversity of organisms causing sepsis varies from 
region to another and changes over time even in the 
same place (Zea and Ochoa 2015). This is attributed to 
the changing pattern of antibiotic use and changes in 
lifestyle (Ghotaslou et  al. 2007). Environmental changes 
may be a possible factor for causing neonatal infections 
as neonates have a weak immunity and can’t tolerate the 
difficult conditions, so seasonal variations are known to 
affect the prevalence of neonatal infection (Omoregie 
et al. 2009).

For this reason, the aim of this study was to find out the 
effect of seasonal changes on neonatal sepsis and char-
acterized the microbiological pattern of it in each season 
and their antibiotic sensitivity profile.

Methods
One hundred neonates with age ranging from 0 day to 
28 days were recruited from neonatal intensive care unit 
in Nasser general hospital, 50 neonates during summer 
season (from April to September) and 50 during winter 
season (from October to March). Neonates with clinical 
signs and symptoms of septicemia were enrolled in this 
study. Neonates already treated with antibiotics were 
excluded.

All newborns were subjected to the following: full 
maternal history taking, detailed antenatal and perina-
tal history, clinical examination including: 1-Gestational 
age assessment; 2-Modified Ballard scoring system (Biz-
zarro et  al. 2008); 3-Apgar score estimation at 1 and 
5 min to assess the presence of perinatal asphyxia (Gar-
ner et  al. 1988); 4-vital signs: Pulse; Temperature; RR; 

5-Anthropometric measures: weight, length and head 
circumference; 6-Full cardiac, chest, abdominal and 
neurological examination; 7-Risk factors for sepsis: pre-
mature rupture of membranes (PROM), maternal fever, 
insertion of an umbilical catheter.

According to the Egyptian Neonatal Network (EGNN), 
sepsis is defined as presence of at least 3 out of the follow-
ing four criteria (EGNN 2010): presence of risk factors of 
sepsis (e.g., prematurity, chorioamnionitis), presence of 
two or more clinical signs of sepsis (poor reflexes, leth-
argy, respiratory distress, bradycardia, apnea, convul-
sions, abdominal distension, and bleeding), abnormal 
hemogram and positive CRP and positive culture.

Laboratory investigations
Blood samples were collected from the neonates with 
suspected sepsis for CBC, CRP, and blood cultures. Blood 
was collected from a peripheral vein. Approximately, 
1 mL of blood was inoculated directly into blood culture 
medium vials and sent to our clinical microbiology labo-
ratory for cultivation and subsequent processing.

The blood culture bottles were incubated aerobically 
and anaerobically at 37  °C for 24 hours and subcultures 
on MacConkey agar, blood agar, and chocolate agar and 
examined for growth after 24–48  h. The same protocol 
was repeated daily for 7 days before blood culture was 
considered to be free of microorganisms (to be negative 
blood culture). Organisms were identified by Gram stain-
ing and biochemical reactions. The antimicrobial suscep-
tibility testing was done by Kirby–Bauer disc diffusion 
method on Mueller-Hinton agar.

Statistical analysis
The standard computer program Statistical Package for 
the Social Sciences (SPSS) for Windows, release 19.0 
(SPSS Inc., USA) was used for data entry and analysis. 
All numeric variables were expressed as mean ± stand-
ard deviation (SD), and percentage when appropriate. For 
all tests, a probability (p) less than 0.05 were considered 
significant.

Results
This was a cross-sectional study that included 100 neo-
nates admitted at Naser general hospital during 2018 
due to different causes half of them were during summer 
months from April to September and the other half were 
during winter months from October to March,

Table  1 shows significant difference regarding ges-
tational age, weight, length and head circumference 
between summer and winter cases. There was significant 
decrease in hemoglobin (HG) and platelet count (PLT), 
total leukocytic count (TLC) in winter cases when com-
pared to summer cases.
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There was significant increase in the CRP marker and 
neonatal core temperature in winter cases when com-
pared to summer cases as seen in Table 1.

Head circumference (HC), Respiratory rate (RR), 
hemoglobin (HB), platelet count (PLT), total leukocytic 
count (TLC), C reactive protein (CRP), TORCH =Toxo-
plasma, Rubella, Cytomegalo virus, Herpes virus.

There was significant increase in the number of cases 
delivered by cesarean section in winter as seen in Table 2.

While comparing the maternal conditions there was 
significant increase in the number of cases developed 
premature rupture of membrane (PROM) and maternal 
urinary tract infection (UTI) in summer than winter as 
seen in Table 3.

Regarding symptoms and signs there were significant 
increase in number of cases admitted with neonatal jaun-
dice, respiratory distress, convulsions, poor feeding, skin 
manifestations in winter cases while pallor, edema and 
fever in summer cases (Table 4).

While analyzing the results of cultures done dur-
ing period of admission in both groups there was 

significant increase in number of cases developed 
pseudomonas and E coli in winter cases while there 
was significant increase in number of cases developed 
Enterobacter in summer cases as seen in Table  5 and 
Fig. 1.

Table 1  The descriptive, demographic and laboratory data 
of cases

Data expressed as means ± standard deviation p-values < 0.05 is significant

Summer cases Winter cases P value
Mean ± SD Mean ± SD

Gestational age (weeks) 30.18 ± 2.488 35 ± 2.01  < 0.001

Weight (kg) 1.2 ± 0.39 2.9 ± 0.17  < 0.001

Length (cm) 38 ± 3.11 42.8 ± 2.3  < 0.001

HC (cm) 30 ± 2.1 27 ± 1.8  < 0.001

Pulse (beat/min) 140.8 ± 14.7 144 ± 14.78 0.15

Temperature (°C) 37.9 ± 3.8 39.1 ± 5.1 0.01

RR (breath/min) 35 ± 3 44 ± 3.6  < 0.001

HB (gm/dl) 12.2 ± 2.12 7.7 ± 1.6  < 0.001

PLT (103/ul) 162 ± 104 78 ± 23  < 0.001

TLC(103/ul) 18.3 ± 9.22 4.3 ± 2.45  < 0.001

Staff/segmented 0.21 ± 1.06 0.49 ± 1.9 0.37

CRP (mg/dl) 36 ± 15.3 85 ± 61.4  < 0.001

Total bilirubin (mg/dl) 15.8 ± 3.7 20.5 ± 4.6  < 0.001

Direct bilirubin (mg/dl) 1.5 ± 0.8 1.9 ± 0.91 0.02

TORCH 5/50 4/50 0.3

Table 2  Descriptive study of  cases regarding  the  mode 
of delivery

p values < 0.05 is significant, Normal vaginal delivery (NVD), Cesarean section 
(CS), N = number

NVD CS p value

Summer cases N = 50 18/50 32/50 0.06

Winter cases N = 50 13/50 37/50 0.007

Table 3  Comparison of maternal conditions of the cases

p values < 0.05 is significant, premature rupture of membrane (PROM), urinary 
tract infection(UT), N = number

Summer cases Winter cases P value
N = 50 N = 50

PROM 32/50 13/50 0.0001

Fever 9/50 15/50 0.16

UTI 46/50 26/50  < 0.001

Table 4  Comparison between  symptoms and  signs 
of cases

TORCH = Toxoplasma, Rubella, Cytomegalo virus, Herpes virus. N = number

Summer cases Winter cases P value
N (%) N (%)

Pallor 24/50 = 48% 38/50 = 76% 0.003

Cyanosis 26/50 = 52% 30/50 = 60% 0.4

Edema 6/50 = 12% 1/50 = 2% 0.04

Jaundice 10/50 = 20% 41/50 = 82%  < 0.001

Respiratory distress 11/50 = 22% 33/50 = 66%  < 0.001

Cardiac symptoms 19/50 = 38% 28/50 = 56% 0.07

Organomegaly 9/50 = 18% 11/50 = 22% 0.5

Abdominal distension 41/50 = 82% 37/50 = 74% 0.3

Convulsions 13/50 = 26% 32/50 = 64%  < 0.001

Poor feeding 20/50 = 40% 49/50 = 98%  < 0.001

Fever 20/50 = 40% 3/50 = 6%  < 0.001

Lethargy 44/50 = 88% 48/50 = 96% 0.14

Skin signs 17/50 = 34% 37/50 = 74%  < 0.001

Poor perfusion 16/50 = 32% 22/50 = 44% 0.2

Diarrhea 11/50 = 22% 18/50 = 36% 0.12

TORCH 7/50 = 14% 4/50 = 8% 0.33

Table 5  Comparison between  both  seasons 
regarding bacterial isolates from the blood culture

Organism Summer ( N = 50)% Winter ( N = 50)% p value

Klebsiella 10 (20%) 8 (16%) 0.7

Pseudomonas 7 (14%) 20 (40%) 0.001

E. coli 2 (4%) 8 (16%) 0.04

Staph aureus 10 (20%) 8 (16%) 0.7

Listeria 3 (6%) 1 (2%) 0.5

Enterobacter 11 (22%) 1 (2%) 0.007

Acinetobacter 7 (14%) 4 (8%) 0.5
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Table  6 shows that Carbapenems was very effective 
against Gram positive and Gram negative bacteria. Also 
Cephalosporins (4th generation: Maxipime) was effec-
tive in treatment of Gram negative bacteria. Staphylo-
coccus and Listeria isolates demonstrated significant 
sensitivity to Vancomycin which was 83.3% and 100%, 
respectively. Enterobacter, E. coli and Listeria isolates 
showed highly sensitivity to Azithromycin. Gram posi-
tive and negative bacteria showed (80–100%) resist-
ance to Unasyn and Cephalosporins (3rd generation: 
Ceftazidime).

Discussion
Neonatal sepsis is life-threatening condition for neonates 
in developing countries and if any delay in the treatment 
occurred it may become fatal. Proper treatment requires 
knowledge of common bacterial organisms involved and 
the most prevalent risk factors (Thapa and Sapkota 2019).

We found significant increase in gestational age, 
weight and length between winter cases this agree with 
(McGrath et al. 2006) who said those born in winter tend 
to have higher anthropometric indices that may per-
sist into adulthood due to a gradual decrease in body 
measurements during subsequent seasons with the least 
growth rate in the winter (Elżbieta et al. 2008). This may 
refer to alteration in vitamin D synthesis, seasonal differ-
ences in light exposure, and seasonal change in maternal 
diet during pregnancy (Watson and McDonald 2007).

Our study illustrated significant increase in cases 
delivered by CS in winter and it may be associated with 
the risk of neonatal sepsis development this agree with 
results of (Moges et al. 2017; Utomo 2016) and disagree 
with Siakwa et al. 2014. Because newborns delivered by 
CS are more liable to laceration due to usage of sharp 
instruments during procedure (Adatara et al. 2018), also 
they are not exposed to vaginal bacteria, they experience 
delayed initiation of breastfeeding which may deny the 
neonate from the protective effect of colostrum against 
microbes and prolonged hospital stay (Adatara et  al. 
2019).

We found significant increase in cases developed 
PROM and maternal UTI in summer than winter (p 
value < 0.001) this correlate with the result of Yackerson 
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Fig. 1  Comparison between both seasons regarding bacterial 
isolates from the blood culture

Table 6  Antibiotic sensitivity profile of bacterial isolates

(S)sensitive/(I)intermediate sensitivity/(R)resistant/NS: not tested

Isolate Antibacterial agent

Carbapenems Cephalosporins Macro-lides Glyco-
peptides

Aminoglycosides Ampicillin-
sulbactam

Imi-penem Mero-penem Maxipime 
(4th)

Ceftazidime 
(3rd)

Azithromycin Vancomycin Amikacin Unasyn

Pseudo-
monas 
N = 27

22 = 81.5%(S) 19 = 70.4% (S) NT 22 = 81.4% (R) NT NT 17 = 63% (S) NT

Kleb-siella 
N = 18

18 = 100% (S) 11 = 61% (S) 15 = 83.3% (S) 7 = 38.9% (R) 11 = 61% (S) NT NT 18 = 100% (R)

Entero-bacter 
N = 12

12 = 100% (S) 12 = 100% (I) 12 = 100% (S) 12 = 100% (R) 10 = 83.8% (S) NT 12 = 100% (I) 3 = 25% (R)

Acineto-bac-
ter N = 11

7 = 63.6% (S) 9 = 81.8% (I) 7 = 63.6% (S) 3 = 27.3% (R) 7 = 63.6% (S) NT NT 9 = 81.8% (R)

E. coli N = 10 10 = 100% (S) NT 10 = 100% (S) NT 10 = 100% (S) 5 = 50% (I) NT 10 = 100% (R)

Staph. aureus 
N = 18

16 = 88.8% (S) 11 = 61.1% (S) NT 15 = 83.3% (R) NT 15 = 83.3% (S) 15 = 83.3 (S) NT

Listeria N = 4 4 = 100% (S) 3 = 75% (S) NT NT 3 = 75% (S) 4 = 100% (S) NT 4 = 100% (R)
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et  al. 2008. Intra-partum maternal fever increased the 
incidence of neonatal sepsis by 9 times as shown in 
the study of (Temsegen et  al. 2019). This correlated 
with previously done studies as in Mekelle city, Ethio-
pia (Gebremedhin et al. 2016), Karachi, Pakistan (Alam 
et  al. 2014) and in Bangladesh (Hasan and Mahmood 
2011). These Studies suggested maternal infections due 
to intra-partum fever. As maternal infection transmit-
ted frequently to the baby as ascending, during passage 
through the birth canal or via circulation and it causes 
early-onset sepsis (Hasan and Mahmood 2011). In pre-
sent study, higher number of suspected neonatal sepsis 
cases was observed in winter than in summer (p value 
< 0.001). These results are similar to other studies done 
in Pakistan and Nigeria, where bacterial blood infection 
in neonates were also high in the winter represented 
by (57.4%) in Pakistan (ARIF et  al. 2019) and (28.4%) 
in Nigeria (Omoregie et  al. 2009). Another study in 
America showed that seasonal variation can affect the 
sepsis epidemiology, as frequency and death rate which 
was increased in winter season. Increased prevalence 
of sepsis in winter might be due to weak immunity 
of neonates in this season (Danai et  al. 2007). On the 
other hand, a study in Canada identified a significant 
increase in neonatal sepsis during the summer months 
(Shah et al. 2013). The reason for seasonal variation in 
neonatal sepsis is unclear, but may be due to humid-
ity with high temperature of such season which create 
a suitable environment for bacterial growth (Temsegen 
et  al. 2019). We observed high frequencies of neona-
tal morbidities during winter season like poor feeding 
(98%), Jaundice (82%), pallor (76%), skin manifestations 
(74%), respiratory distress (66%) and convulsions (64%) 
which showed statically significant correlation (p value 
<0.001), whereas pallor (48%), fever (40%) and edema 
(12%) in summer (p value <0.05). Our result is in con-
cordance with two previous studies showed significant 
relationship among different morbidities and seasonal 
variations done in Pakistan and India (ARIF et al. 2019).

In our study, 20% Gram positive bacteria and 80% 
Gram negatives were responsible for neonatal bactere-
mia. Different studies showed similar results (Alam et al. 
2014; Hasan and Mahmood 2011; ARIF et al. 2019). Here, 
80% of the main isolates were Gram negative organisms 
which quite similar to Kumhar et al. (2002).

We demonstrated that among gram negatives, Pseu-
domonas aeruginosa and E. coli were the leading cause 
of bacteremia in winter season, while Enterobacter in 
summer. ARIF et  al. (2019) revealed that P. aeruginosa 
and Staphylococcus epidermidis were the main cause 
of neonatal bacteremia in winter and Eber et  al. (2011) 
showed that Staphylococcus aureus and K. pneumonia 
were the main bacterial isolates from blood in winter 

season infection. While Al-Hasan et al. (2009) found that 
E. coli was the main cause for bacterial blood infection in 
summers.

Pseudomonas aeruginosa pathogen is involved mostly 
in hospital acquired infection which might be responsi-
ble for neonatal bacteremia. High flow of patients with 
attendants in winters due to different diseases and poor 
hygiene conditions of hospitals are responsible for these 
infections (ARIF et al. 2019).

Our study results showed that P. aeruginosa isolates 
were 81.5% sensitive, K. pneumonia 100%, Enterobacter 
100%, Acinetobacter 63.6%, E. coli 100%, Staphylococcus 
aureus 88.8% and Listeria 100% to Carbapenems, also 
ARIF et  al. (2019) showed that Staphylococcus aureus 
were 80% sensitive, K. pneumonia 100%, P. aeruginosa 
80% and Escherichia coli 70–80% to Carbapenems. 
Staphylococcus and Listeria isolates demonstrated sig-
nificant sensitivity to Vancomycin which was 83.3% and 
100%, respectively, while Tsering et  al. (2011) showed 
that Staphylococcus was 40% sensitive to Vancomycin. 
Most of bacterial isolates in our study showed 80–100% 
resistance to Unasyn and Cephalosporins (3rd genera-
tion) this was quite similar to results of Muhammed et al. 
(2010). This drug resistance may be due to their use as 
blind therapy in emergencies and surgery.

Conclusion
This study showed that Seasonal variations had effects 
on neonatal sepsis regarding their both different symp-
tomatic expressions and bacterial isolates. High propor-
tion of neonatal infection was caused by Gram negative 
bacteria. According to antibiotic sensitivity Carbapen-
ems were very effective against most of bacterial isolates, 
while Unasyn and Cephalosporins (3rd generation) were 
80–100% resistance against them.
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