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Summary. Objective. To study the impact of emergent infections (human herpesvirus type 6) on the fetal state.

Materials and methods. The study involved examination of 90 pregnant women in the 2nd and 3rd trimesters of gestation (Group 1 (25 pregnant) consisted of patients with a viral infection, CMV carriers, Group 2 (25 pregnant) included women with a viral infection, herpes simplex virus types 1/2, Group 3 amounted for 20 patients with a viral infection, herpes simplex virus type 6, Group 4 comprised 20 patients with normal pregnancy and no signs of infection. Concentration of IgM and IgG to herpes simplex virus types 1/2, IgM and IgG to herpesvirus type 6 in venous blood of the pregnant was determined by enzyme-immunoassay. Giant cells typical for CMV were determined by cytological examination of saliva sediment. All the pregnant underwent ultrasound somatogenetic examination, Doppler evaluation of maternal-placental-fetal hemodynamics and biophysical profile (BPP) assessment.
Results and their discussion. Ultrasound examination of Group 1, 2 and 3 pregnant showed signs of intrauterine infection. Pregnant women with a viral infection were found to have intrauterine growth retardation (IUGR) and Group 3 patients more commonly had symmetrical 3rd degree IUGR. BPP indices showed initial signs of fetal distress in 5 (20%) Group 1 pregnant, 7 (27%) Group 2 pregnant and 11 (55%) Group 3 pregnant women. Doppler examination of uterine-feto-placental hemodynamics revealed a more pronounced increase in vascular resistance indices in Group 3 patients. 
Conclusions. Emergent infections (herpesvirus type 6) of pregnant trigger more pronounced changes in the feto-placental system than other viral infections. Herpesvirus type 6 is a common cause of fetal state deterioration, which manifests in intrauterine growth retardation, changes in biophysical profile and hemodynamic disorders in the mother-placenta-fetus system.
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Relevance. Many authors have recently reported an increase in the focus on new herpes viruses. Diseases caused by Herpesviridae viruses are an important medical and social problem of perinatology and pediatrics. Herpes virus infection is one of the causes of spontaneous miscarriages, stillbirths, premature birth, morbidity and mortality of newborns [1].

Infections caused by the human herpesvirus type 6 (HHV-6) is an urgent and poorly understood problem of contemporary medicine, which is associated with high prevalence and multiple routes of its transmission, frequent manifestations, especially in infancy and early childhood, severity of complications and lack of standards for diagnosis, treatment and prevention. Serological studies of HHV-6 demonstrate a wide prevalence of infection: up to 90% of adults are infected with HHV-6 [2]. Although there have been repeated reports on the incidence of HHV-6 infection, Ukrainian doctors establish this diagnosis quite rarely. Difficulties in diagnosing HHV-6 are common, firstly, because presentation of this infection is similar to other exanthematous diseases, and secondly, due to the lack of available laboratory diagnostic methods, as well as insufficient knowledge of the epidemiology of the aforementioned infection.

Today, there are more and more reports on emergent infections, including suddenly manifested previously unknown diseases and pathogens which have notably increased in incidence. Such infections also comprise herpesvirus type 6. HHV-6 was detected by S. Z. Salahuddin et al. relatively recently, in 1986, in patients with lymphoproliferative diseases and was called β-lymphotropic virus [3]. Later, in 1988, the causative agent of HHV-6 was first isolated from the blood of 4 infants with exanthema subitum.

Recent studies have shown that exanthema subitum, respiratory diseases, infectious mononucleosis, chronic fatigue syndrome, histiocytic necrotic lymphadenitis, acute serous meningitis, meningoencephalitis, and hepatitis are associated with primary HHV-6 infection. Secondary opportunistic infection can cause malignant lymphomas, lymphoproliferative diseases, chronic CNS pathology [4, 5,]. To date, the role of HHV-6 as an etiological factor in the pathogenesis of these diseases has not been finally established [6].

There are two HHV-6 subtypes: subtype A and subtype B. Subtype A virus causes specific immunosuppression and is transmitted by airborne, contact-household, parenteral, sexual and vertical routes. HHV-6A infection is associated with a primary latent infection without clinical manifestations. The role of HHV-6A in the development of pathology is not fully understood [7, 8]. HHV-6 subtype B is the cause of some diseases in children. Primary HHV-6B infection causes exanthema in children and acute feverish conditions. Most often, the infection remains latent throughout life. A decrease in the immune reactivity of the body can cause a generalized infection with severe encephalopathy, responsible for temporal epilepsy, epileptic status and post-transplant infections [9].

Modern diagnosis of HHV-6 infection is based on complex methods for determining the antigens of the virus and antibodies to them. Conventional methods include hybridization (polymerase chain reaction, PCR), which makes it possible to identify HHV-6 antigen in blood serum and diagnose an active HHV-6 infection. Recently developed PCR technique using reverse transcription allows to differentiate the latent phase of the infection and its reactivation [10, 11]. There are a number of serological methods to detect HHV-6 and enzyme immunoassay is the most common of them. However, this method rarely helps in the diagnosis of clinical HHV-6 manifestations. 
Almost half of all cases of neonatal fever are associated with primary HHV-6 infection [11]. According to its structure and properties HHV-6 is close to cytomegaloviruses, which play an important role in the development of intrauterine infection. HHV-6 was observed in 1% of newborns in DNA integration into the genome [12, 13]. Clinical studies have shown that HHV-6 can cause congenital infections resulting in serious complications in young children [14].

Scientists from the UK have established a correlation between the age of children and antibodies to HHV-6 detection rate: antibodies to HHV-6 are detected in all children under 1 month, by 4 to 5 months antibodies are identified in only 60% of children, and in 90 % at the age of 3. Probably, the presence of antibodies to HHV-6 in children during the first three months of life is determined by maternal antibodies that enter the infant's body during intrauterine development through the placenta. It suggests the possibility of perinatal HHV-6 transmission from mother to child, since virus DNA is detected in 10% of newborns under 1 month [15]. With age, the intensity of passive immunity to HHV-6 in children rapidly decreases. Thus, HHV-6 infection occurs primarily in the first two years of life [1]. 
Previous studies established the role of HHV-6 in the etiology of neonatal pathologies: HHV-6 markers were detected in the organs and tissues of deceased children. HHV-6 can exist both as a monoinfection, and in combination with the Epstein-Barr virus, cytomegalovirus and rubella virus. HHV-6 antigens are more commonly detected in the heart muscle, liver and brain than antigens of other herpesviruses. The scientists recognize the possibility of transplacental HHV-6 transmission from mother to fetus, as well as during the passage of fetus through the birth canal [16, 17].

Examination of fetuses and newborns with extremely low body weight for herpes and rubella viruses showed that in 41.6% of cases death was caused by HHV-6 [18].

Despite the high prevalence and polymorphic nature of the infection caused by HHV-6, there is no sufficient information on HHV-6 infection. There are no approved standards for laboratory testing for HHV-6 infection and diagnostic methods used in clinical practice are ambiguous, especially with regard to newborn children. Scientific literature provides information on HHV-6 role in the development of convulsive syndrome in children and exanthema subitum, but the descriptions of clinical symptoms of fetal damage caused by HHV-6 are quite rare [17, 19].

Objective. To study the impact of emergent infections (human herpesvirus type 6) on the fetal state.

Materials and methods

The study involved examination of 90 pregnant women in the 2nd and 3rd trimesters of gestation. All the pregnant underwent comprehensive clinical and laboratory examination. Concentration of IgM, the marker of primary acute infection or reactivation of the infectious agent as well as concentration of antiviral IgG antibodies was assessed in venous blood of the pregnant to determine their infectious status. For this purpose, concentration of IgM and IgG to the herpes simplex virus types 1/2, IgM and IgG to the herpesvirus type 6 was determined by enzyme immunoassay using the test systems manufactured by CJSC “Vector-Best” (Russia). Giant cells typical for cytomegalovirus infection (CMV) were determined by cytological examination of saliva sediment. 

According to the findings, the pregnant were divided into groups. Group 1 (25 pregnant women) included patients with a viral infection, CMV carriers, Group 2 (25 pregnant women) comprised women with a viral infection, herpes simplex virus types 1/2 and Group 3 consisted of 20 patients with herpes simplex virus type 6. Groups of patients-carriers of viral infection were considered to be the main ones in this study. Group 4 (к) included 20 patients with normal pregnancy with no signs of infection. This group was the control one. 
Ultrasound somatogenetic examination was carried out using MINDRAY DC-8 ultrasound scanner.

The fetal state was assessed by biophysical profile (BPP) findings, according to the method elaborated by A.M. Vintzeleos et al [20].

Feto-placental and utero-placental hemodynamics was assessed by Doppler examination with determination of resistance index (RI) and pulsation index (PI), since these indices are related to angle-independent factors providing an opportunity to identify the extent of peripheral vascular resistance.

Statistical processing of data was carried out using general purpose data processing software Statistica for Windows 6.1. Fraction ( error was calculated using the formula: (=
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(100%, where n is the sample size, n1 is the number of patients with the sign under investigation. The differences between the groups were determined by the non-parametric Wilcoxon-Mann-Whitney test.

Results and their discussion. Ultrasound examination is the main method allowing to assess the state of feto-placental complex. 
Ultrasound somatogenetic findings in pregnant of the control and main groups corresponded to fetal nomograms elaborated by E. A. Yakovenko (1994) [20]. Control group patients were not found to have changes in internal and provisional organs. Group 1, 2 and 3 pregnant were shown to have changes in internal and provisional organs and alterations in the amount of amniotic fluid, presented in Table 1.
Table 1
Changes in internal and provisional organs in main group patients under investigation (absolute number (% ± (), where ( is an error %)
	Sonographic findings
	Main clinical group

	
	1 (n=25)
	2 (n=25)
	3 (n=20)

	Ventriculomegaly
	6 (24(9%)
	7 (28(9%)
	9 (45(11.1%) 

	Increased echogenicity of   ventricular system
	12 (48(10%)
	13 (52(10%)
	13 (65(10.7%) 

	Cysts of cerebrovascular plexuses
	4 (16(7.3%)
	6 (24(8.5%)
	6 (30(10.3%)

	Increased echogenicity of the lungs
	9 (36(9.6%) 
	9 (36(9.6%) 
	6 (30(10.3%)

	Echogenic fibrous inclusions on the papillary muscles and valve cusps
	7 (28(9%) 
	6 (24(8.5%)
	8 (40(11%)

	Perivascular infiltration of the liver
	6 (24(8.5%) 
	5 (20(8%)
	7 (35(10.7%)

	Increased echogenicity of the pyelocalyceal system and kidney parenchyma
	14 (56(9.9%)
	15 (60(9.8%)
	14 (70(10.3%)

	Increased echogenicity of the contours of the stomach
	10 (40(9.8%)
	11 (44(9.9%)
	10 (50(11.2%)

	Increased echogenicity of the intestine
	11 (44(9.9%) 
	12 (48(10%)
	15 (75(9.7%)

	Increased echogenicity of the placenta
	15 (60(9.8%)
	18 (72(9%)
	5 (25(9.7%)

	Placental hypoplasia
	8 (32(9.3%)
	9 (36(9.6%)
	9 (45(11.1%)

	Placental hyperplasia
	2 (8(5.4%)
	3 (12(6.5%)
	3 (15(8%)

	Expansion of the intervillum space
	4 (16(7.3%) 
	6 (24(8.5%)
	11 (53(11.1%)

	Calcifications of the placenta
	15 (60(9.8%)
	16 (64(9.6%)
	15 (75(9.7%)

	Enlargement of sinuses of basal veins
	5 (20(8%)
	7 (28(9%)
	7 (35(10.7%)

	Oligohydramnios
	15 (60(9.8%)
	16 (64(9.6%)
	15 (75(9.7%)

	Polyhydramnios
	1 (4(3.9%)
	2 (8(5.4%)
	-


An increase in echogenicity of the endothelium of internal and provisional organs is the main sonographic sign of intrauterine infection since it was equally observed in pregnant women of Groups 1, 2 and 3.

The diagnosis of intrauterine infection was established if one pregnant woman had 3 or more sonographic signs of infection.

Ultrasound examination showed that 27 (38.5%) pregnant women of the main group had signs of intrauterine growth retardation (IUGR). Thus, in Group 1 asymmetric 1st degree IUGR was detected in 2 (2.8%) pregnant women, 2nd degree IUGR in 1 (1.4%) patient and there were no patients with symmetrical IUGR. In Group 2 patients, asymmetric 1st degree IUGR was detected in 2 (2.8%) pregnant, 2nd degree IUGR in 2 (2.8%) pregnant, symmetrical 1st degree IUGR in 1 (1.4%) woman, 2nd degree IUGR in 1 (1.4%) woman and 3rd degree IUGR in 1 (1.4%). In Group 3, asymmetric 1st degree IUGR was found in 3 (4.2%) pregnant women, 2nd degree IUGR in 2 (2.8%) women, 3rd degree IUGR in 1 (1.4%) woman, symmetrical 1st degree IUGR in 5 (7.1%) women,  2nd degree IUGR in 4 (5,7%) women, 3rd degree IUGR in 2 (2.8%) women. In Groups 1 and 2 the signs of fetometric retardation from the corresponding norms were observed from the 32nd-34th week of gestation, while in Group 3 women the signs of retardation were observed from the 28th-30th week. IUGR was not detected in the control group patients.

Consequently, IUGR, which was observed in pregnant with a viral infection, is a characteristic sign of pathological processes that may occur in the development of placental insufficiency. In most cases IUGR was observed in Groups 2 and 3 and patients of Group 3 more commonly had symmetrical 3rd degree IUGR.

BPP indices, which were within 9-12 points, corresponded to satisfactory fetal state, 7-8 points were considered equivocal and they had to be repeated 2-3 days after the treatment, 6 points and less were considered pathological BPP. BPP indices in all the patients of the control group corresponded to satisfactory fetal state. In 20 (80%) Group 1 women, 18 (73%) Group 2 women and 9 (45%) Group 3 women BPP indices were indicative of satisfactory fetal state. In 5 (20%) Group 1 pregnant, 7 (27%) Group 2 pregnant and 11 (55%) Group 3 pregnant, BPP indices were equivocal, which indicated the initial signs of fetal distress. None of the patients under investigation was found to have lower BPP indices.
The results of the fetal status assessment according to BPP indices revealed similarity with Doppler examination findings. However, in some cases, hemodynamic disorders were registered somewhat earlier than the deterioration of the fetal state according to BPP data. Thus, in 3 (12%) Group 1 pregnant, 5 (20%) Group 2 pregnant and 4 (20%) Group 3 pregnant BPP parameters corresponded to the satisfactory fetal state, whereas Doppler examination showed an increase in peripheral vascular resistance, which was a sign of incipient fetal hypoxia.

Doppler examination of feto-placental and utero-placental blood flow is of great importance for evaluating the fetal state in intrauterine infection, which can be disrupted due to the incipient feto-placental insufficiency in this group of pregnant women. Therefore, Doppler examination in intrauterine infection makes it possible to identify patients with threatened IUGR.

Findings obtained in the study and Doppler examination in the setting of negative effect of the viral infection showed a significant increase in the main indices of vascular resistance in pregnant women with a viral infection of CMV, herpesvirus types 1/2 and 6. RI and PI indices of the main vessels of the feto-placental complex are shown in Fig. 1-8. All the dependencies were statistically significant according to the Kruskal-Wallis criterion. 

	[image: image2.jpg]=
©
e}
S
5
x

Med.val.
[1 Med.val.+St.err.
"1~ Medwval.+St.dev.





	[image: image3.jpg]h=
«
o
S
5
o

o Med.val.
[ Medval.+St.err.
_T Med.val.+St.dev.






	Fig.1. Diagram of RI ranges in the umbilical artery in pregnant women under investigation
	Fig.2. Diagram of PI ranges in the umbilical artery in pregnant women under investigation


In Group 1 median RI value in the umbilical artery was 0.62, interquartile range - 0.60-0.64, median PI value in the umbilical artery was 0.90, interquartile range - 0.86-0.96. In Group 2, median RI value in the umbilical artery was 0.70, interquartile range - 0.69-0.71, median PI value in the umbilical artery was 1.08 and interquartile range - 1.07-1.1. In Group 3 median RI value in the umbilical artery was 0.74, interquartile range - 0.72 ÷ 0.75, median PI value in the umbilical artery was 1.16, interquartile range - 1.13 ÷ 1.20. In the control group median RI value in the umbilical artery was 0.59, interquartile range - 0.60-0.62, median PI value in the umbilical artery was 0.85, interquartile range - 0.88-0.93.
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	Fig.3. Diagram of RI ranges in the thoracic aorta in pregnant women under investigation
	Fig.4. Diagram of PI ranges in the thoracic aorta in pregnant women under investigation


In Group 1 median RI value in the thoracic aorta was 0.79, interquartile range - 0.78 ÷ 0.80, median PI value was 1.32, interquartile range - 1.29 ÷ 1.35. In Group 2 median RI value in the thoracic aorta was 0.83, interquartile range - 0.83 ÷ 0.84, median PI value was 1.43, interquartile range - 1.42 ÷ 1.44. In Group 3 median RI value in the thoracic aorta was 0.85, interquartile range in 0.85 ÷ 0.85, median PI value was 1.48, interquartile range - 1.47 ÷ 1.48. In the control group median RI value in the thoracic aorta was 0.76, interquartile range - 0.77 ÷ 0.77, median PI value was 1.06, interquartile range - 1.14 ÷ 1.33.
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	Fig.5. Diagram of RI ranges in the middle cerebral artery in pregnant women under investigation
	Fig.6. Diagram of PI ranges in the middle cerebral artery in pregnant women under investigation


In Group 1 median RI value in the middle cerebral artery was 0.74, interquartile range - 0.72 ÷ 0.75, median PI value was 1.17, interquartile range - 1.12 ÷ 1.21. In Group 2 median RI value in the middle cerebral artery was 0.81, interquartile range - 0.80 ÷ 0.82, median PI value was 1.37, interquartile range - 1.34 ÷ 1.39. In Group 3 median RI value in the middle cerebral artery was 0.83, interquartile range - 0.83 ÷ 0.84, median PI value was 1.42, interquartile range - 1.42 ÷ 1.45. In the control group median RI value in the middle cerebral artery was 0.61, interquartile range - 0.63 ÷ 0.67, median PI value was 0.92, interquartile range - 0.97 ÷ 1.13.
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	Fig.7. Diagram of RI ranges in the uterine artery in pregnant women under investigation
	Fig.8. Diagram of PI ranges in the uterine artery in pregnant women under investigation


In Group 1 median RI value in the uterine artery was 0.60, interquartile range - 0.59 ÷ 0.61, median PI value was 0.86, interquartile range - 0.84 ÷ 0.88. In the Group 2 median RI value in the uterine artery was 0.63, interquartile range - 0.61 ÷ 0.63, median PI value was 0.91, interquartile range - 0.90 ÷ 0.94. In Group 3 median RI value in the uterine artery was 0.64, interquartile range - 0.63 ÷ 0.64, median PI value was 0.93, interquartile range - 0.92 ÷ 0.94. In the control group median RI value in the uterine artery was 0.59, interquartile range - 0.59 ÷ 0.61, median PI value was 0.83, interquartile range - 0.84 ÷ 0.87.

Comparative assessment of the findings showed that pregnant women with herpesvirus type 6 infection had an impairment of utero-feto-placental hemodynamics, which was characterized by a more pronounced increase in the vascular resistance indices than in pregnant women with CMV and herpesvirus type 1/2.

Conclusions. Emergent infections (herpesvirus type 6) of pregnant women result in more pronounced changes in the feto-placental complex than in other viral infections. Herpesvirus type 6 is a common cause of deterioration of the intrauterine state of fetus, which manifests itself in the development of intrauterine growth retardation, changes in the biophysical profile, and hemodynamic disorders in the mother-placenta-fetus system.
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