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ANTIBIOTIC-ASSOCIATED BLOOD CHANGES IN NEWBORNS

Objective. The objective of the study was to determine the chances
of a decrease in CBC cells when using antibiotics in newborns.

Materials and methods. A total of 46 newborn infants who were
hospitalized with the main diagnosis of hypoxic ischemic
encephalopathy were examined. By gestational age, they belonged to the
late-preterm and term groups. The newborns were divided into 2
subgroups. Group 1 — main group: 25 children who received antibiotics;
group 2 — control group: 21 children who did not receive antibiotics.
Group 1 was divided into 2 subgroups: Group la, 16 newborns who
received 1 antibiotic and Group 1b, 9 newborns who received 2
antibiotics. Antibiotics were administered at age-related doses,
intravenously, including semi-synthetic penicillins, cephalosporins,
aminoglycosides, carbapenems, glycopeptides. The features of the
analysis of blood (CBC) were studied.

Results. It was noted that in terms of general characteristics, the
newborns of the main and control groups were comparable. When
comparing the mean values of blood counts, a significant decrease in
erythrocytes, leukocytes and erythrocytes was revealed in the group of
newborns who received antibiotics in comparison with the control group.
The absolute number of neutrophils was significantly lower in the group
of newborns who received 2 antibiotics vs. the control group. The odds
ratio calculation showed an increased risk of a decrease in cell levels
with antibiotic therapy prescribed. Leukocytes were found to have the
greatest chances of decreasing from the normative level — by 5.34 times,
as well as erythrocytes — by 3.56 times. The absolute number of
neutrophils decreased with the greatest chances when 2 antibiotics were
administered — by 22 times.

Conclusions. In general, the antibiotic therapy leads to a decrease in
the number of erythrocytes, leukocytes, platelets. This was most noted
for leukocytes and erythrocytes. The absolute neutrophil count decreased
most significantly with 2 antibiotics used.

Keywords: newborns, antibiotic therapy, complete blood count,
cytopenia.
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Meta. Metoro nociipkeHHsT OyJlo BH3HAUEHHS ILIAHCIB 3HW)KEHHS
KIIITHH 3aTajJbHOTO aHaTi3y KPOBI ITil YaC BUKOPHUCTAHHS aHTHOIOTHKIB y

HOBOHAPOJDKCHHUX.

Martepianun Ta Meroau. Ycboro Oyno mocmimkeHo 46 HOBOHapo-
JUKEHUX TiTeH, AKi mepeOyBaiy Ha CTAl[lOHAPHOMY JKyBaHHI 3 OCHOB-
HUM [iarHO30M TiMOKCHYHO-iIIeMiuHa eHredaonatis. 3a recramiifanmM

BIKOM BOHHW HaJIeXajH A0 IPYyI Mi3HOHEIOHOUIEHHX 1 JoHomeHnx. Ho-
BOHApoJKeH1 Oyiu moxineHi Ha 2 migrpynu. I'pyna 1, ocHoBHa, 25 ni-
TEH, SIKi OTPUMYBaJIM aHTUOIOTUKH, rpymna 2, KOHTpOJIbHA Tpyna, 21 nu-
THHA, SIKI HE OTPUMYBAJIM aHTUOIOTHMKHU. Y CBOO uepry, rpyma 1 Oyna
poznaineHa Ha 1Bl miarpynu: rpyna la, 16 HOBOHapOmKEHHUX, SIKI OTpHU-

MyBaiu | anTHOIOTHK Ta rpyna 1b, 9 HOBOHAPOKEHNX, SIKi OTPUMYBaJIH
2 aHTHOIOTHKH. AHTHOIOTHKH BBOIWIHCS y BIKOBHX J103aX, BHYTpIilll-

BOCTI aHaJIi3y KPOBi 32 OCHOBHHMH ITOKa3HUKaMH.

Pe3yabraTn. 3a3HaueHo, 110 32 3arajlbHUMHU XapaKTepPUCTUKAMH HO-
BOHAPOJDKEHI OCHOBHOI 1 KOHTPOJBHOI Ipyn Oynu nopiBHsHi. [Ipu aHa-
731 cepenHIX 3HaueHb ITOKa3HHMKIB KPOBiI OyJO BHUSBICHO IOCTOBIpHE
3HW)KEHHS EPUTPOLUTIB, JISHKOIUTIB Ta EPUTPOLIUTIB y IPyIi HOBOHAPO-
JUKEHHX, SIKI OTPUMYBAJIM aHTUOIOTUKH, MOPIBHSHO 3 KOHTPOJILHOIO IPY-
mor0. AOCOTIOTHA KUTBKICTh HEHTPO(DiIiB Oyia TOCTOBIPHO HUIBKOO IS
TPyl HOBOHAPO/KCHHX, SKi OTPUMYBalM 2 aHTHOIOTHKH, BITHOCHO
KOHTPOJIbHOI rpynu. Po3paxyHOK BiZHOIICHHS INAHCIB ITOKa3aB HasB-
HICTP MiJBUIIEHUX MIAHCIB 3HIWKCHHS KUTBKOCTI KIIITHH KPOB1 IIPH TPU3-
HadeHHi aHTHOaKTepianbHOI Teparrii. HaliOmbIi maHncH 3HIDKEHHS PiBHS
BiJl HOPMATHBHOTO BUSIBIICHO JJIS JISHKOIMTIB — B 5,34 pas3u, epuTpouu-
TiB — B 3,56 pa3u. AOCOIOTHE YHCIO HEHTPODUIIB 3HIIKYBATIOCS 3 HAli-
OUIBIIMMY [IAHCAMU TP BBE/ICHHI 2 aHTUOIOTUKIB — B 22 pas.

BucnoBok. IlpusHayeHHs aHTHOakTepialbHOI Tepamii NPU3BOIUTH
JI0 3HMXKEHHs KIJIBKOCTI €PUTPOLMTIB, JIEHKOIMTIB, TpoMmOouurie. B
HaWOUIBILOT Mipi Lie BiZ3HAYAIOCS AJIS JISHKOIMTIB Ta €pUTPOLUTIB. AG-
COJIIOTHA KUTBKICTh HEHTPO(]INiB HAHOUTBIE 3HAYHO 3HIKYBAJACS IMPH
BUKOPHUCTAHHI 2 aHTHO10THKIB.

Kiaro4oBi ci10Ba: HOBOHApODKEHI, aHTHOIOTHKOTEpAITisl, 3aralbHHMA
aHali3 KpoBi, IIUTOIICHIS.
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Introduction/Beryn improvement in their survival rates. In no small
part, this is due to the use of aggressive and
invasive methods of diagnosis and treatment, which
can increase the risk of infection. Along with a
significant proportion of infectious diseases in the
neonatal period, this leads to the widespread use of
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The neonatal period is accompanied by a
significant level of morbidity and mortality.
Modern technologies for nursing and treating
pathological conditions of newborns have led to an
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antibacterial agents [1, 2]. Antibiotics are a key
factor in the treatment of infectious diseases and
significantly improve newborn survival. However,
they also have a fairly wide range of complications.
In addition to the formation of a pool of
microorganisms with increased resistance, these
include the development of microbiome disorders
of varying degrees, antibiotic associated diarrhea,
and allergic reactions [3, 4]. A number of authors
note a decrease in the number of blood corpuscles.
The mechanism of development of cytopenia is
different and includes direct toxic effects on the
bone marrow and/or myeloid precursors, antibody-
mediated destruction of blood cells. Studies have
established the dose-dependent effect of beta-
lactam antibiotics on granulopoiesis [2, 5, 6, 7, 8].
Other authors reported about antibodies-mediated
hemolytic anemia and thrombocytopenia. The
degree of change in the number of blood cells can
be significant and life-threatening [9, 10, 11]. At
the same time, there is no uniform idea about the
predominant damage to blood cells. Some authors
point to predominantly detectable neutropenia,
anemia and thrombocytopenia [12]. Others describe
the development of thrombocytopenia when using
antibiotics among the 4 main groups of drugs [10].

Obijective

The objective of the study was to determine the
chances of a decrease in CBC cells when using
antibiotics in newborns.

Materials and methods

A total of 46 newborn infants who were
hospitalized with the main diagnosis of hypoxic
ischemic encephalopathy were examined. By
gestational age, they belonged to the late-preterm
and term groups. The newborns were divided into 2
subgroups. Group 1 — main group: 25 children who
received antibiotics; group 2 — control group: 21
children who did not receive antibiotics. In turn,
Group 1 was divided into 2 subgroups: Group 1la,
16 newborns who received 1 antibiotic and Group
1b, 9 newborns who received 2 antibiotics.
Antibiotics were administered at age-related doses,
intravenously, including semi-synthetic penicillins,
cephalosporins, aminoglycosides, carbapenems,
glycopeptides. The features of the analysis of blood
(CBC) were studied according to the indicators of
RBC - red blood cells; MCHC — mean corpuscular
hemoglobin  concentration;, MCV - mean
corpuscular volume; WBC - white blood cells;
ANC — absolute neutrophils count; PLT — platelets;

MPV — mean platelets volume. The presence of
differences between Group 1 and Group 2, as well
as Group la and Group 1lb with Group 2, was
assessed. To assess the chances of developing
cytopenia, reference values of the lower limit of
normal and average values for RBC, WBC, ANC,
PLT indicators were used [13, 14].

All statistical data were processed using a
standard statistical formula. Continuous variables
were confirmed for normal distribution by the
Kolmogorov-Smirnov test and expressed as mean
values + standard error (M + SE). Differences
between the two groups in continuous variables
were analyzed using an independent t-test for
normal distribution. The odds ratio (OR) was
obtained. For statistical significance calculating the
criteria 2, Fisher (F), Student test (t) were used.
P-value of < 0.05 was considered statistically
significant.

All research methods and experiments have
been examined and approved by the appropriate
Ethics Committee and have therefore been
performed in accordance with the ethical standards
laid down in the Declaration of Helsinki.

Results

General characteristics of the studied groups of
newborns are presented in Table 1. The average
body weight at birth was the smallest in Group 1b —
2638.85 + 112.33 grams, the highest in Group 2 —
2865.25 + 83.17 grams. At the same time, there was
no significant difference between them. The
average body length at birth was also the lowest in
Group 1b children — 46.97 + 0.61 cm and the
highest for Group 2 — 47.72 + 0.45 cm. This
indicator also did not have significant differences
between the study groups. The gestational age of
newborns was within the values for the
characteristics of late-preterm and term groups.
This applied to children of all studied groups, no
significant differences were found in this indicator,
the mean values ranged from 35.21 + 0.32 to 36.22
+ 0.23 weeks. The Apgar scores characterized the
presence of asphyxia in children of all studied
groups. The mean values of the assessment at the
1st minute of life were in the range from 3.9 + 0.47
to 4.7 + 0.54 units, there was no significant
difference between the groups, and corresponded to
the presence of moderate and severe asphyxia.
There was a positive dynamics of assessment on the
Apgar scale by the 5th minute of life. Its mean
value ranged from 6.64 + 0.59 units in Group la to
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Table 1 — The general indexes of the newborns

Indexes Group la (16) Group 1b (9) Group 1 (25) Group 2 (21)
Birthweight, grams, mean + SE 2723,11+104,67 | 2638,85+112,33 | 2698,35+78,24 | 2865,25+83,17
Length at birth, cm, mean + SE 47,88 +0,41 46,97 £0.61 4712 +£0.37 4772 +£0.45
Gestation age, mean = SE 35,21 +0,32 36,08 +0,44 36,16 + 0,57 36,22 +0,23
Child's age of antibiotic therapy 2314041 187045 2034031 2344036
onset, days, mean = SE
S‘S']'Ed s age of analysis, days, mean |05, g 9,97 + 0,64 10,23+0,38 9,76+0,6
Apgar 1, mean + SE 4,7+054 3,9+0,47 4,32 +0,39 46+041
Apgar 2, mean + SE 6,64 +0,59 6,96 + 0,77 6,81+ 0,46 7,01+054
Boys, absolute value/% 9/56,25 5/55,56 14/56 12/57,14
Girls, absolute value/% 7/43,75 4/44,44 11/44 9/42,86
Mother's age, years, mean + SE 26,82 +2,17 29,57 +2,2 2781+1,61 28,62+1,7

Note: * - significant difference between indexes of Group 1a, Group 1b, Group 1 with Group 2

7.01 + 0.54 units in Group 2. No significant
differences were found between the study groups.
The number of boys outnumbered girls and ranged
from 55.56% to 57.14% in Group 1b and Group 2,
respectively. The values did not differ significantly
between all the study groups. The age of the mother
of the children of the study groups was from
26.82+ 2,17 to 29.57 + 2.2 years in Group la and
Group 1b, respectively. The mean values did not
differ for the children of the study groups (p >
0.05). The start of antibiotic therapy was started in
the early neonatal period and ranged from 1.87 £

0.45 to 2.34 + 0.36 days of life. No difference was
found between groups (p > 0.05). The age of
children when CBC was taken was at the beginning
of the second week of life. It ranged from 9.97 +
0.64 to 10.26 + 0.48 days in Group 1b and Group
la, respectively. The values did not differ
significantly between all the studied contingents.
Thus, the values of the general characteristics of the
studied groups were comparable.

The results of the blood test parameters in the
groups are presented in Table 2. The RBC value

Table 2 — The CBC indexes in newborn of studied groups (Main value and its error)

Indexes Group la Group 1b Group 1 Group 2
RBC, 10"/l 3.84+0.14 3.62+0.19 3.64+0.12 41+0.14
P with Group 2 0.016
MCHC, g/l 349.37 +9.06 331.84+11.22 34359 +7.13 356.25 + 11.87
P with Group 2
McCV, fl 91.26 +3.93 89.21+5.38 90.55+3.12 91.44+ 4.6
P with Group 2
WBC, 107/l 6.13+0.43 5.81+0.53 5.92+0.33 7.3+0.46
P with Group 2 0.043 0.019
ANC, units 6793.94 + 167.55 6366.28 + 178.23 6579.21 +130.19 | 7032.84 + 163.54
P with Group 2 0.01 0.035
PLT, 107 206.27 £ 19.21 220.36 + 23.44 213.12 + 14.68 274.68 +18.12
P with Group 2 0.014 0.011
MPV, fl 8.34+0.22 8.2+0.32 8.43+0.18 8.62+0.21
P with Group 2

Note: RBC — red blood cells; MCHC — mean corpuscular hemoglobin concentration; MCV — mean corpuscular volume;
WBC - white blood cells; ANC — absolute neutrophils count; PLT — platelets; MPV — mean platelets volume
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was lower in the newborns who received antibiotics
than in the children who did not receive them. At the
same time, a significantly lower value was found for
Group 1 in comparison with Group 2 (p = 0.016).
The MCHC parameter reflected the saturation of
erythrocytes with hemoglobin. Its value tended to
decrease in Group 1b children, but not significant. A
similar picture was observed for the mean
erythrocyte volume, MCV. The MCV value was
smaller for the antibiotic-treated groups of children,
but not significant. Analysis of the total number of
leukocytes showed their lower value in Group 1a,
Group 1b, Group 1 in comparison with Group 2.
However, only for the pairs of Group 1b and Group
2, Group 1 and Group 2 the differences were
significant (p =0.043 and p =0.019 respectively).
The magnitude of the absolute number of neutrophils
had a similar trend. It was smaller in children who
received antibiotics. This confirmed a significantly
lower ANC value but already in Group 1b children —
6366,28 + 178,23 units in comparison with Group 2
—7032.84 £+ 163.54 units (p = 0.01) and in Group 1 —
6579,21 + 130,19 units in comparison with Group 2
(p =0.035). Platelet counts also decreased in children
receiving antibiotic therapy. The PLT value was
significantly lower in the newborns of Group la —
206.27+ 1921 10 and Group 1 21312+
14,68 10%1 in comparison with the indexes Group 2
— 274.68 + 18.12 10% (p=0.014 and p=0.011
respectively). The average platelet volume did not
show significant differences in the study groups.
There was a tendency to its lower values in children
treated with antibiotics, but not significant (p > 0.05).

Thus, the analysis of blood parameters showed a
decrease in erythrocytes, leukocytes and platelets in
children in the groups that received antibiotic
therapy. In the case of the parameter of the white
blood cells and absolute number of neutrophils, a
significant decrease was observed for children who
received 2 antibacterial drugs first of all.

To determine the magnitude of the chances of
developing a decrease in the number of blood cells
during antibiotic therapy (AB), the odds ratio was
calculated (Figure 1). For erythrocytes, the
reference value of the lower limit of the norm for
the corresponding age and gestational age was used
[13, 14]. The OR value was 3.56 units with a p
value of 0.003. This indicated a 3.5-fold increase in
the chances of erythropenia with antibiotics used.
The calculation of the odds ratio for the likelihood
of leukopenia was carried out in a similar way. The
reference value of the lower limit of the norm was
taken for age and gestational age. In this case, the
OR value was 5.34 units with a p value of 0.03.
Thus, leukopenia developed 5.34 times more often
with antibiotic therapy than without it. A
preliminary analysis showed that the absolute
number of neutrophils for the general group of
children in the main group will not show
neutropenia at the lower limit of the norm.
Therefore, the average value of the norm for age
and gestational age was taken. In this case, the odds
ratio was 3.81 units, but it was not reliable
(p = 0.19). However, when taking the results of the
ANC study in children who received 2 antibiotics,

Comparison pair OR p
AB vs low RBC PN 3,56 0,003
AB vs low WBC ¢ 534 0,03
AB vs low ANC + 381 0,18
AB vs low ANC Group 1b ° 22,25 0,0007
AB vs low PLT — 541 0,009

—————
01 05 1 5 10 20 30 80 200

Figure 1 — Dependence of the CBC changes and antibiotics use
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the OR value was higher. The OR was 22.25 units
with a p value of 0.0007. Thus, a decrease in the
level of neutrophils occurred, but largely depended
on the use of 2 antibiotics. The level of platelets in
the main group decreased, however, just as for the
ANC, the number of cases of decrease below the
5th percentile of the reference value was low. The
mean platelet count was also taken for age and
gestational age. In this case, the value of the odds
ratio was 5.41 units with a value of p = 0.009.

Discussion

Adverse drug events (ADEs) have been known
since the early days of medication. ADEs can
damage many organs and systems, including the
blood system, with development of the
pancytopenia. Drugs that can lead to blood ADEs
can be cytostatics, antiepileptics, antidepressants,
and antibiotics [2, 5, 15]. It is indicated that adverse
drug events can be detected in 19-51% of children
who received intravenous antibiotics [6, 7, 8]. The
most significant of these may be neutropenia, which
is more often observed with intravenous
administration. Anemia was 2-3 times less
common, and thrombocytopenia was even less

common [12]. Other authors indicate the
development  of  hemolytic  anemia  and
thrombocytopenia in patients receiving

carbopenems [15, 16]. Other works describe a high
frequency of agranulocytosis, which with a

Conclusions/BucHoBKH

In general, antibiotic therapy leads to a
decrease in the number of erythrocytes,
leukocytes, platelets.

Leukocytes were found to have the greatest
chances of decreasing from the normative level —

frequency of 12% can be caused by beta-lactam
antibiotics [9]. According to other researchers,
thrombocytopenia is an important component of
adverse drug events and antibiotics are responsible
for the implementation of at least 2 mechanisms of
antibody formation with the development of drug-
induced immune thrombocytopenia [10, 11]. In our
study, the odds ratio of 3.56 and 5.34 units were
identified for the development of eritocytopenia and
leukocytopenia respectively, which, to a certain
extent, corresponds to the available literature data.
However, this cannot be said about the level of
granulocytes. According to our analysis, the
decrease in the absolute number occurred with an
increase in chances of 3.81, depending on the
appointment of antibiotic therapy, but not
significantly. However, when calculating the odds
ratio in the group of newborns who received 2
antibiotics, OR was the highest — prescribing AB in
22 times increased the chances of a decrease in the
absolute number of neutrophils. The degree of
platelet reduction, according to our data, was still
less than the rest of the studied blood cells. Perhaps
this depended on the characteristics of the identified
groups of newborns or/and the characteristics of the
laboratory complex. The degree of platelet
reduction was less, but relative to the average value,
the chances of a decrease in their level with
antibiotic therapy increased 5.41 times.

by 5.34 times, as well as erythrocytes — by 3.56
times. The absolute number of neutrophils
decreased with the greatest chances when 2
antibiotics were administered — by 22 times.

Prospects for future research/IlepcneKTHBH MOAAJBIINX J0CTiIKEHD

Prospects for further research suggest conducting a study on a large sample of patients.
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