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Abstract: In this study, subfamilies, genera, and species of Lygaeidae are given, accompanied by
synonyms, local and general distribution. This study was carried out during the years 2007-2010 in
the country of Libya. This study revealed the presence of 111 species in Libya under 52 genera to 8
subfamilies. 31 are recoded from Libya for the first time in the present study.

Keywords: Lygaeidae; Heteroptera; Libya; Synonyms; Local & General Distribution; Seed Bugs.

INTRODUCTION

The State of Libya is a country in the Maghreb
region in North Africa, bordered by the Medi-
terranean Sea to the north, Egypt to the east,
Sudan to the southeast, Chad to the south, the
Niger to the southwest, Algeria to the west,
and Tunisia to the northwest. The sovereign
state consists of three historical regions: Tripo-
litania (west), Fezzan (East), and Cyrenica
(East). With an area of almost 1.8 square kilo-
meters, Libya is the fourth largest country in
Africa.

The family Lygaeidae Schilling (Heteroptera)
of Libya is still incompletely known. The earli-
est work on Libyan Lygaeidae is probably that
of (Zavattari, 1934; Damiano 1960; Eckerlein
& Wagner, 1969; Linnavuori, 1969)

This family is a large and well-known group
of the order Hemiptera-Heteroptera, & easily
recognized by 4-segmented antennae; located
below a line drawn through the middle of the
eye, 4-segmented rostrum, forewing with 4 or
5 veins in membrane, female ovipositor usu-
ally laciniate, spermatheca usually with dis-
tinct bulb and flange. They are often referred
to as Seed bugs.

MATERIALS AND METHODS

Lygaeid specimens were either hand-collected
or by using a sweeping net or sheet-screen
while resting on the host plants. Collected
specimens were killed by ethyl alcohol,
Mounted, and stored. The taxonomic study of
the family Pentatomdae was carried out in two
steps:-

1-examining the specimens collected during the
present work as well as the specimens kept in
the main Egyptian reference collections.

2-Identification of specimens was made by the
authors based on the relevant literature such as
Stichel (1960, 1961), Baranowski, (1990), Har-
rington (1980), Malipatil (1978), Ashlock
(1967), Slater (1985, 1992), Goss (1965),
Gross & Scudder (1963), Scudder (1962c).

RESULTS
SUBFAMILY: Blissinae

Genus: Geoblissus Hidaka, 1959

Type species: Geoblissus rotundatus Hidaka,
1959.
*Dimorphopterus

brachypterus (Rambur,

*Corresponding Author: Moftah Soliman El Meghrai elmitsalis@gmail.com, Department of Zoology, Faculty of Science, Benghazi University,

Benghazi-Libya
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1839).

Synonym: Pachymerus brachypterus Rambur,
1839.

Distribution in Libya: Jagbob, Misrata.

General Distribution: France, Japan, Algeria,
Cyprus, Egypt, Ethiopia, Sudan, Italy, Spain,
Tunisia, Turkey, China, Saudi Arabia, Yemen,
India, Chad.

Remarks:  Dimorphopterus  brachypterus
(Rambur, 1839) was listed as Stenoblissus cur-
tulus (Dhrn, 1860) by Wagner & Slater, 1964.

*Geoblissus hirtulus (Burmeister, 1835)
Synonym: Geoblissus rotundatus Hidka, 1959
Distribution in Libya: Jagbob, Misrata,
Benghazi.

General Distribution: Algeria, Cyprus, Egypt,
Ethiopia, Sudan, Libya, Spain, Tunisia, Japan,
Turkey, Egypt, China, Yemen, Borneo, India,
Chad, Ethiopia, and Sudan.

SUBFAMILY: Lygaeinae

Genus: Apterola Mulsant & Rey, 1866
Type species: Apterola kuenckeli M & R, 1866.

*Apterola (Apterola) kuenckeli M& R, 1866
Synonym: Apterola  gridellii Mancini, 1942
Boll. Soc. ent. Ital. 92-93.
Distribution in Libya:
1942a)

General Distribution: France, Iberian Pen.,
Italy, Malta, Sardinia, Sicily, Spain, Algeria,
Morocco, Tunisia, and Libya.

Remarks: In Libya (as synonym Apterola
gridellii Mancini, 1942).

Cyrenica (Mancni,

*Apterola (A) k. kuenckeli M& R, 1866
Synonym: Apterola gridellii Mancini,
Boll. Soc. ent. Ital. 92-93.

Distribution in Libya: El Merj.

General Distribution: Bulgaria, France, Great
Britain, Italy, Malta, Macedonia, Spain,
Tunisia, Morocco, Libya, Egypt, and Algeria.

1942:

Genus: Cosmopleurus Stal, 1872.
Type species: Lygaeus fulvipes Dallas 1852.

Cosmopleurus fulvipes (Dallas, 1852)
Synonym: Lygaeus fulvipes Dallas, 1852. List.
Hem. B. M. 2:536

Distribution in Libya: Fezzan: Wadan, Jerma,
El Khomos, Jebel Soda, El Kaufra,
Houn(Mancini, 1936), Gateron, Ghat, Wadi
Iseien, Wadi Tanezzuft, Jebel El Wuenat
(Mangcini, 1935, 1936a, 1940).

General Distribution: Spain, Croatia, Malta,
Algeria, Egypt, Libya, Morocco, Tunisia, Iran,
Jordan, Saudi Arabia, Syria, Yemen, Pakistan,
and Mauritania.

*Cosmopleurus fulvipes (Dallas, 1852)
Synonym: Lygaeus degeni Distant, 1918: Ann.
Mag. Nat. Hist. (9): 2: 257.

Distribution in Libya: Fezzan, Murzak, Kufra,
Obary.

General Distribution: Western Africa, Algeria,
Saudi Arabia, Cape Verde, Egypt, Morocco,
Iran, Sudan, Syria, and Libya.

Genus: Lygaeus Fabricius, 1794
Type species: Cimex equestris Linnaeus 1758

Lygaeus creticus Lucas, 1853

Synonym: Lygaeus sexmaculatus Garbiglietti,
1869, Boll. Soc. ent. Ital. 1:41-112.

Distriution in Libya: Derna (Mancini, 1854)
General Distribution:  Libya, Greece, Italy,
Saudi Arabia, Afghanistan, Turkey, Cyprus,
Iran, Syria, Bosnia, Croatia, Macedonia, Jor-
dan, and Lebanon.

Genus: Hormopleurus Horvath, 1884
Type species:  Hormopleurus  nysioides
Horvath, 1884

Hormopleurus nysioides Horvath, 1884
Synonym: Lygaeosoma  hoggari  Bergevin,
1932 Bull. Soc. Hist. nat. Afr. N. 286-287
Distribution in Libya: Fezzan: Tin Caraden, Bir
Tahala (Mancini, 1942a).

General Distribution: Syria, Algeria, Libya,
Egypt, Morocco, Iraq, Saudi Arabia, Yemen,
Ivory Coast, and Sudan.

Genus Horvathiolus Josifov, 1965
Type species Horvathiolus adonis Linn, 1978.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Horvathiolus fulvescens (Puton, 1874)
Synonym:  Melanocoryphus fulvescens Puton,
1874Pet. Nouv. Ent. 6: 112: 452

Distribution in Libya: Al-Bayda, Jebel Akhdar,
Messa (Eckerlein & Wagner, 1969).

General Distribution: Spain, Algeria, Turkey,
Italy, Tunisia, and Libya.

Horvathiolus guttatus (Rambur, 1839)
Lygaeus guttatus Rambur. 1839 Faun. Andalus,
pp. 155-156

Distribution in Libya: Cyrenica (Eckerlien and
Wagner, 1969).

General Distribution: France, Portugal, Spain,
Algeria, Egypt, Morocco, Tunisia, and Libya.

*Horvathiolus guttatus guttatus (Ram, 1839)
Synonym: Melanocoryphus persimilis Horvath,
1916: Ann. Mus. Nat. Hung. 14: 466
Distribution in Libya: El Mej, Gubba

General distribution: Albania, Russia, Cyprus,
Portugal, Russia, Caucasus, Algeria, Morocco,
Turkey, Tunisia, Spain, and Libya.

Remarks:  Horvathiolus  guttatus  gutta-
tus (Ram, 1839) was listed as Melanocoryphus
persimilis Horvath by Zavattari (1934), & Linna-
vuori (1965), and Eckerlen & Wagner 1969 as
Horvathiolus persimilis Horvath, 1916, listed
as synonym by Vidal 1952.

Genus: Melanocoryphus Stal
Type Species Cimex apuanus Ross, 1794

Melanocoryphus  albomaculatus
1778)

Synonym: Cimex albomaculatus Goeze, 1778.
Reuter. Rev.d Ent, 4:202
Distribution in Libya:
1942a).

General Distribution: Holland, Turkey, France,
Germany, Romania, Russia, Iran, Italy, and

Libya.

(Goeze,

El Merj (Mancini

*Melanocoryphus albomaculatus
albomaculatus Goeze, 1778

Synonym: Cimex apuanus Rossi, 1794
Distribution in Libya: El Merj, Al-Bayda, and
Gubba.

General Distribution: England, Brazil, Turke-
stan, Caucasus, Astrakhan, Albania, Austria,
Belgium, Iran, Czechoslovakia, France, Ger-
many, Greece, Holland, Hungary, Iraq, Italy,

Poland, Portugal, Romania, Russia, Spain,
Switzerland, Yugoslavia, Algeria, Libya,
Turkey, Tadzhikistan Bosnia, Bulgaria,

Croatia, Slovakia, Slovenia, Ukraine, Morocco,
Tunisia, Azerbaijan, Kazakhstan, Armenia,
Kirgizia, Turkmenistan, and Uzbekistan.

Genus: Spilostethus Stal, 1868
Type species: Cimex militaris Faricius 1775.

Spilostethus pandurus Scopoli, 1763
Synonym: Cimex pandurus (Scopoli, 1763),
Ent. Carn. Exhib. Ins. Carniol. N.363:126.
Distribution in Libya: Jagbob, Tobruk, Al-
Bayda, Benghazi, Zuara, Tripoli, El Homs,
Sebha, Misrata, Tajora.

General Distribution:  Albania, Andorra,
Austria, Bosnia, Bulgaria, Croatia, Czech,
Iran, Turkey, France, India, Greece, Hungary,
Italy, Macedonia, Malta, Moldavia, Portugal,
Spain, Syria, Romania, Russia, Slovakia,
Slovenia, Switzerland, Ukraine, Algeria, Egypt,
Libya, Morocco, Tunisia, Cyprus, Yemen,
China, Armenia, Azerbaijan, Afghanistan,
Kuwait, Iraq, Jordan, Turkmenistan,
Uzbekistan, Australia, and Philipines.

*Spilostethus (pandurus) pandurus (Scopoli,
173)

Synonym: Cimex civilis Fabricius, 1787: Mant.
Ins. II: 298 (O.D.)
Distriution in Libya:
Benghazi, and Zoura.
General Distribution: Albania, Austria,
Bulgaria, Corsica, Cyprus, Czech, France,
Germany, Greece, Iran, Hungary, Italy,
Portugal, Russia, Sardinia, Spain, Switzerland,
Algeria, Egypt, Morocco, Nigeria, Senegal,
Sierra, Leone, Sudan, Kenya, Arabia, Iraq,
India, Syria, Turkey, and Australia.

Tobruk, Al-Bayda,

Spilostethus (pandurus) militaris (Fabricius,
1775)
Synonym: Lygaeus militaris (Fab, 1775)

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Distribution in Libya: El Khomos, El Bordy,
and Jagbob.

General Distribution:  Albania, Austria,
Belgium, Bulgaria, Corsica, Cyprus, France,
Czechoslovakia, Germany, Greece, Italy,
Majorca, Malta, Portugal, Romania, Russia,
Italy, Spain, Switzerland, Algeria, Egypt,
Ethiopia, Morocco, Indonesia, Iran,
Mozmbique, Senegal, Sierra Leone, Sudan,
Tunisia, Australia, India, Iraq, Syria, Turkey,
and Libya.

Spilostethus saxatilis (Scopoli, 1763)
Synonym: Cimex saxatilis Scopoli, 1763. Ent.
Carn. Exhib. Ins.Carniol., 128:371

Distribution in Libya: Khomos (Mancini1936).
General Distribution: Albania, Austria, Bul-
garia, Croatia, Czech Republic, France, Italy,
Germany, Greece, Hungary, Poland, Portugal,
Romania, Russia, Serbia, Slovakia, Switzer-
land, Turkey, Ukraine, Spain, Slovenia, and
Libya.

Spilostethus saxatilis lusitanicus (Herrich-
Schaeffer, 1850)

Synonym: Lygaeus saxatilis (Scop, 1794)
Distribution in Libya: El Khomos.

General Distribution: France, Portugal, Spain,
Algeria, Egypt, Morocco, and Libya.

Spilostethus longulus (Dall, 1852)

Synonym: Lygaeus longulus Dallas, 1852.
Distribution in Libya: Fezzan, Wadan, Jerma,
El Khomos, Jebel Soda, El Kufra, Huon,
Gateron, Ghat, Wadi Tanezzuft, Wadi, Iseien,
Jebel El Wuenat.

General Distribution: Sudan, Eritrea, Ethiopia,
Nigeria, Algeria, Egypt, Arabia, Iran, India,
Tunisia, Morocco, Afghanistan, Jordan, Syria,
Kuwait, Yemen, and Libya.

Genus: Paranysius Horvath, 1895
Type species: Paranysius fraterculus Hor,
1895

Paranysius fallaciosus (Put 1895)

Synonym:  Paranysius fallaciosus libycus
Mancini, 1935: Bull. Soc. Ent. Ital. 67: 79-80
Distribution in Libya: Fezzan, Obari, Wadi
Iseil (Mancini, 1936, 1942).

General Distribution: Algeria, Libya, Morocco,
Tunisia, and Sudan.

Genus: Caenocoris Fieber, 1860
Type species: Lygaeus nerii Germar, 1847

Caenocoris nerii (Germer, 1847)
Synonym: Lygaeus semirubes Walker,
Cat. Hem. Het. B. M. 5: 58
Distribution in Libya: Gharyian (Menozzi
1940), Derna (Mancini, 1942), and Jagbob.
General  distribution: ~ Albania,  Bulgar-
ia, Cyprus, Russia, Italy, Eritrea, Ethiopia,
Mozambiue, China, Syria, Algeria, Malta,
Tunisia, Morocco, Turkey, India, Pakistan,
Jordan, Saudi Arabia, and Libya.

1872:

Genus: Horvathiolus Josifov, 1965
Type species:  Horvathiolus
(Gerstaecker, 1873)

amoenulus

Horvathiolus fulvescens (Puton, 1874)
Synonym: Melanocoryphus fulvescens Puton,
1874: Pet. Nouv. Ent. 6: 112: 452

Distribution in Libya: Al-Bayda, Jebel Akhder,
and Messa.

General Distribution: Italy, Spain, Algeria,
Turkey, Tunisia, and Libya.

Horvathiolus guttatus (Rmbur, 1842)
Synonym: Melanocoryphus persimilis

Horvath, 1916

Distribution in Libya: El Mer;.

General Distribution: France, Portugal, Spain,
Algeria, Egypt, Morocco, Tunisia, and Libya.

*Horvathiolus guttatus guttatus (Rambur,
1839)

Synonym: Melanocoryphus atakoricus
Bergevin, E. 1932. Bull. Soc. Hist. nat. Afr.
Nord. 23: 281-283.

Distribution in Libya: Derna, El Marj, and
Gubba.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Generall Distribution: Albania, Cyprus, Alge-
ria, Spain, Russia, Morocco, Caucasus, Tunisia,
and Libya.

Horvathiolus superbus (Polich, 1781)
Synonym: Cimex superbus Pollich, 1781
Distribution in Libya: El Bakour 60Km east of
Benghazi (E1 Meghrab.M.S.2001).

General Distribution: Albania, Andora, Austria,
Belgium, Bosnia, Bulgaria, Canary Isles, and
Croatia.

Horvathiolus superbus superbus (Pollich,
1783)

Synonym: Cimex discolor Pollich,

Gmelin.

Carol. Linn. Syst. Nat. 13th Ed.
Distribution in Libya: El Bakour 60Km east of
Benghazi.

General Distribution: Egypt, Syria, Albania,
Austria, Belgium, Bulgaria, Czechoslovakia,
France, Germany, Greece, Italy, Poland, Portu-
gal, Russia, Spain, Algeria, Libya, Morocco,
and Switzerland.

1790

SUBFAMILY: Pachygronthinae
Genus: Cymophyes Fieber, 1870

Type species: Cymophyes ochroleuca Fieb,
1870.

Cymophyes ochroleuca Fieber, 1870
Synonym: Cymophyes (C) ochroleuca Fieber,
1870: Verh. Zool. Bot. Ges. Wien. 20: 247-8
Distribution in Libya: Cyrenica (de Bergevin,
1930).

General Distribution: Cyprus, Greece, Russia,
Egypt, Caucasus, Syria, Turkey, Turkestan,
Iran, and Libya.

SUBFAMILY: Rhyparochromiae

Genus: Gastrodes Westwood, 1840
Type Species: Gastrodes (Orsillodes)
longirostris Puton, 1884.

Gastrodes (Orsillodes) longirostris Puton,
1884

Synonym: Gastrodes (Orsillodes) longirostris
Puton, 1884:a pp. 143-4.

Genus: Hyalochilus Fieber, 1861
Type species: Cymus ovatulus Costa, A.1855

Hyalochilus ovatulus (Costa, 1855)
Synonym: Hyalochilus cordiger Fieber,
Wien: Gerold vi, Eur. Hem. p. 190.
Distribution in Libya: Wadi Belgader (Manci-
ni, 1942a).

General Distribution: Tunisia, Morocco,
France, Turkestan, Canary Isles, Greece, Italy,
Malta, Spain, Portugal, Russia, Algeria, and
Libya.

1861:

Genus: Camptocera Jakovlev, 1877
Type species: Rhyparochromus
mus (Walker, 1872).

glaberri-

Camptocera glaberrima (Walker, 1872)
Synonym: Tropistethus  aurantiacus Distant,
1918: Fn. Brit. Ind. Rhynch. 7: 197
Distribution in Libya: Fezzan, Ghat, (Mancini,
1942), El Khomos (Linnavuori, 1965).

General Distribution: Italy, France, Russia,
Spain, Algeria, Egypt, Syria, Turkestan, Iran,
Morocco, Caucasus, Turkey, Eritrea, Sudan,
India, and Libya.

Genus: Rhyparochromus Hahn, 1826
Type species: Rhyparochromus pini (L, 1758)

Rhyparochromus (Microtomideus)
carbonarius] (Rambur, 1839)

Synonym: Pachymerus (Microtomideus)
dasycnemis Reuter, 1885: Rev. d'Ent., Caen. 4:
221, 223.

Distribution in Libya: El Merj (Mancini 1942a)
General Distribution: Germany, Italy, Spain,
Algeria, Morocco, and Libya.

*Rhyparochromus (Xanthochilus) saturnius
Rossi, 1790

Synonym: Pachymerus rhombeus Fieber, 1837:
Beitr. Ges. Natur- Heilwissen.1: 346.
Distribution in Libya: Benghazi.

General Distribution: Bulgaria, Corfu, Corsica,
Crimea, France, Germany, Greece, Italy, Malta,
Portugal, Russia, Spain, Algeria, Canary Isles.,
Egypt, Morocco, Tunisia, Caucasus, Syria, and
Libya.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Genus: Remaudiereana Hoberlandt, 1954
Type species: Remaudiereana tibialis Hober-
landt, L. 1954: Bull. Inst. franc. Afr. Noire. 16:
922-4

Remaudiereana annnulipes (Baerennsprung,
1859)

Synnym: Remaudiereana africana Hoberlandt,
1954:Bull. Inst. Franc. Afr. Noire 16: 925-6
Distribution in Libya: Benghazi (Mancini,
1942a), El Merj (Linnavuori,1965).

General Distribution: Burma, Ceylon, Egypt,
India, Japan, Sudan, France, Portugal, Libya,
Algeria, Morocco, Ethiopia, Iran.

Genus Proderus Fieber, 1861
Type species: Pachymerus suberythropus,
Costa, A.:1841.

Proderus amabilis Puton, 1873

Synonym: Stenocarenus vulsus Jakovlev, 1876:
Trud. Ent. Ross. 9: 223.

Distribution in Libya: Fezzan: Fewat (Mancini
1942a).

General Distribution: Algeria and Libya.

Genus: Acompus Fieber, 1860
Type species Acompus rufipes (Wolff, 1802)

Acompus rufipes nigrescens Bergevin, 1930
Synonym: Lygaeus rufipes Wolft, 1804: Icon.
Cimic. Desc. Illust. 4: 151, IV. Palm, Erlangae,
pp. 127-166.

Distribution in Libya: Cyrenica (de Bergev,
1930 & Zavattari, 1934).

General Distribution: Austria, Belarus, Bel-
gium, Bosnia, Bulgaria, England, Croatia, Rus-
sia, Czech Republic, and Libya.

Genus: Aphanus Laporte & de Castelnau,
1832
Type species: Aphanus rolandri Linn, 1758.

Aphanus aethiops (Douglas & Scott, 1868)
Synonym: Pachymerus rolandri variety morio
Gradl, 1881:. Ent. Nach. Machr. 7: 308-9

Distribution in Libya: Magrun 90Km West of
Benghazi (Mancini, 1942a).

General Distribution: Austria, Cyprus, Czecho-
slovakia, France, Germany, Greece, Italy,
Egypt, Iran, Jordan, Syria, Turkey, and Libya.

Genus: Dieuches Dohrn, 1860
Type species: Dieuches syriacus Dohrn Dohrn,
F.A. 1860. Stettin Ent. Zeit. 21:99-109

Dieuches mucronatus (Stal, 1865)
Synonym: Dieuches pallidulus Distant,
Distant: Fn. Brit. Ind. Rhynch. 2: 85.
Distriution in Libya: Tripoitania (El Brakat),
Fezzan (Ghat, Tin Alcun) (Mancini,1942a)
General Distribution: India, Arabia, Egypt,
Cape Verde Is., Nubia Is., Uganda, and Libya.

1904:

Genus: Neurocladus Fieber, 1860
Type species: Rhyparochromus
idens Dufour, L..1851

brachi-

Neurocladus brachiidens (Dufour, 1851)
Synonym: Neurocladus ater Fieber, 1861.
Distriution in Libya: Benghazi (Mancini,
1936), El Abiar (Mancini,1942a).

General Distribution: Bulgaria, Cyprus, France,
Greece, Italy, Portugal, Romania, Russia,
Spain, Algeria, Canary Isles., Libya, Madeira,
Morocco, Tunisia, Caucasus, Iran, Syreia,
Turkestan, and Turkey.

Genus: Gonianotus Fieber, 1861

Type species: Gonianotus marginepunctatus
(Wolff, 1802): Icon. Cimic. 4: 150.

Gonianotus marginepunctatus (Wolff, 1804)
Synonym:  Lygaeus marginepunctatus Wolff,
1804: Icon. Cimic. 4: 150.

Distribution in Libya: Tripolitan, ElAzizia
General Distribution: Austria, Belarus, Bel-
gium, Bosnia, Bulgaria, Russia, and the Czech
Republic.

SUBFAMILY: ORSILLINAE
Genus: Camptocoris Putom, 1886

Type species: Camptocoris maculatus Jakovlev
1885.

Camptocoris longicoris (Putom, 1874)
Synonym: Nysius longicoris Putom, 1874.
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Distribution
Magna).
General Distribution: Italy, Turkey, Syria, Pal-
estine, and Libya.

in Libya: Tripolitan (Leptis

Genus: Orsillus Dallas, 1852
Type species: Orsillus depressus Dallas, W.S.,
1952.

Orsillus maculatus (Fieber, 1861)

Synonym: Orsillus longirostris ~ Mulsant &
Rey, 1870: Opusc. Ent. 14: 232

Distribution in Libya: Wadi El Cuf (Mancini,
1942a).

General Distribution: Albania, Bosnia, Bugaria,
Croatia, Czech Republic, France, Italy, Greece,
Macedonia, Russia, Slovenia, Spain, Ukraine,
Azerbaijan, Turkey, Cyprus, Georgia, Jordan,
Algeria, and Libya.

* Orsillus maculatus maculatus (Fieber,
1861)

Synonym: Orsillus longirostris Mulsant & Rey
, 1870: Opusc. Ent. 14: 232

Distribution in Libya: Al-Bayda.

General Distribution: Albania, Austria, France,
Greece, Italy, Russia, Spain, Algeria and Libya.

Orsillus depressus Dallas, 1852

Synonym: Heterogaster depressus Mulsant &
Rey, 1852: Ann. Soc. linn. Lyon 1850-52: 112-
113.

Distribution in Libya: El Merj (Linnavuori,
1965).

General Distribution: Iran, France, Germany,
Hungary, Italy, Portugal, Russia, Spain, Iran,
Switzerland, Morocco, Tunisia, Turkey, Alba-
nia, Austria, Belgium, Bosnia, Bulgaria, Croa-
tia, Czech Republic, England, Greece, Liech-
tenstein, Luxembourg, Macedonia, Armenia,
Romania, Slovakia, Slovenia, Ukraine, Algeria,
Azerbaijan, Kazakhstan, Tadzhikistan, Turk-
menistan, Uzbekistan Netherlands, and Libya.

* Orsillus maculatus maculatus (Fieber,
1861)

Synonym: Orsillus longirostris Mulsant & Rey
, 1870: Opusc. Ent. 14: 232

Distribution in Libya: El Me;.
General Distribution: Albania, Austria, France,

Greece, Italy, Russia, Spain, Yugoslavia, And
Libya.

Genus: Nysius Dallas 1852
Type species: Lygaeus thmi Wolft, 1804.

Nysius (Nysius) ericae (Schilling, 1829)
Synonym: Heterogaster ericae Schilling: Beit.
Z.Ent, 1-86.

Distribution in Libya: El Khomos (Mancini,
1942a)

General Distribution: Austria, Belgium, Bos-
nia, Bulgaria, Egland, Russia, Croatia, and
Libya.

Nysius ericae ericae (Schilling, 1829)
Synonym: Nysius albidus Jakovlev, 1867:
Distribution in Libya: Tripoli

General Distribution: Egypt, Senegal, Astra-
khan, Turkestan, USA, Mexico, Panama, Puer-
to Rico, China, Iran, Austria, Belgium, Iraq,
Czech Republic, England, France, Germany,
Hungary, Poland, Armenia, Portugal, Romania,
Russia, Spain, Sweden, Arabia, Switzerland,
Yugoslavia, Algeria, Mongolia, Bulgaria,
Croatia, Greece, Slovakia, Ukraine, Morocco,
Tunisia, Yemen, Turkey, Taiwan, Armenia,
and Libya.

Nysius (Macroparius) cymoides (Spinola,
1837)

Synonym: Arthenesis cymoides Spinola, 1837:
Essai, Gen. Ins.Hem:252

Distribution in Libya: Sahabi, Gialo, El Kufa
(Zavattari, 1934).

General Distribution: Russia, Turkey, Spain,
Sudan, and Libya.

*Nysius senecionis senecionis (Schilling,
1829)

Synonym:  Nysius  semnecionis aegypti-
cus Priesner & Alfieri, 1953:Bull.Soc.Fouad.
Ent.37:43.

Distribution in Libya: Ajdabiya (de Bergevin,
1932).

General Distribution: Sudan, Syria, Albania,
Austria, Belgium, Bulgaria, Mongolia, France,
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Germany, Greece, Hungary, Italy, Poland, Por-
tugal, Egypt, Armenia, Croatia, Romania, Rus-
sia, Spain, Switzerland, Algeria, Yemen, Mo-
rocco, China, Turkey, Denmark, England,
Netherland, Slovakia, Slovenia, Ukraine, Tuni-
sia, Kazakhstan, Turkmenistan, Uzbekistan,
Czech Republic, Saudi Arabia and Libya.

*Nysius immunis (Walker, 1872)

Synonym: Nysius stalianus Horvath, 1890.
Distribution in Libya: El Bieda

General Distribution: France, Greece, Italy,
Algeria, Morocco, Turkey, Canary Isles, Croa-
tia, France, Italy, Portugal, Britain, Spain,
Switzerland, Algeria, Morocco, Tunisia, Tur-
key, and Libya.

Remarks: species Nysius (Tropinysius) stali-
anus (Walker, 1872) was synonymized as spe-
cies Nysius immunis (Walker, 1872).

SUBFAMILY: Geocorinae

Genus Geocoris Fallen, 1814
Type Species Cimex grylloides Linnaeus, 1761,

Geocoris (Eillatus) confalonierii de Bergvin,
(1932)

Synonym: Geocoris massoni Villiers,
Villiers, A. 1956. Bull. Inst. franc. Afr. N.
Noire 18: 840-841.

1956:

Distibution in Libya: El Kufra, Bezema
(Mancini, 1940).
General Distribution: Mauritania,  Algeria,

Egypt, Sudan, and Libya.

Geocoris (Geocoris) acuticeps Signoret, 1881
Synonym: Geocoris acuticeps falsatus ~ Mon-
tandon, 1916: Bull. Soc. Ent. Egypt 4: 50
Distribution in Libya: Fezzan: Murzuk (Manci-
ni, 1942a).

General Distribution: Greece, Malta, Egypt,
Iran, Iraq, Saudi Arabia, Uzbekistan, Turkmen-
istan, Tadzhikistan, Yemen, Sudan, Kuwait,
Syria, and Libya.

Geocoris (Geocoris) lineolus (Rambur, 1839)
Synonym: Geocoris lineola Ramur, Linnavouri
1978: Acta.Zoo.Fenn.153:60.

Distribution in Libya: Tripolitania:
Magna, Misrata (Mancini, 1936).
General distribution: Europe and Africa.

Leptis

*Geocoris (Geocoris) lineolus lineolus (Ramb
ur, 1839)

Synonym: Geocoris erythrophthalmus Reuter:.

Ofvers. Finsk: Ofv. Finsk. Vet. Soc. Forh. 22: 9
Distribution in Libya: Benghazi.

General Distribution: Turkey; Corsica, Russia,
Caucasus, France, Greece, Italy, Portugal,
Spain, Algeria, Canary Isles., Egypt, Tunisia,
Morocco, Iran, Syria, Saudi Arabia, Turkey,
Iraq, Cyprus, Albania, Bosnia, Bulgaria, Yem-
en, and Libya.

Geocoris nigriceps Reuter, 1891

Synonym: Geocoris nigriceps Reuter, 1891.
Distribution in Libya: Fezzan: Sebha, Ain
Kirim, Tripolitania: Misrata, El Homos
(Mancini, 1936), Kufra (Mancini, 1940).
General Distribution: Egypt, and Libya.

Geocoris nigriceps henoni Puton, 1892
Synonym: Geocoris nigriceps henoni Puton,
1892.

Distribution in Libya: Fezzan: Sebha, Ain Ki-
rim, Tripolitania: Misrata, El Homos (Mancini,
1936), Kufra (Mancini, 1940).

General Distribution: Palestine, Egypt, and
Libya.

*Geocoris (Geocoris) erythrops (Dufour,
1857)

Remarks: Species Geocoris scutellaris Puton,
1886 was synonymized as species Geocoris
erythrops (Dufour, 1857).

Distribution in Libya: El Kufra, El Giof, El
Giululad, Bir El Achuan, E1 Wenat, El Talab,
Gialo, Wadi El Ghaza (Mancini, 1940).

General Distribution: Algeria, Egypt, Tunisia,
Kurdistan, Cape Verde Is, and Libya.

Geocoris (Geocoris) megacephalus (Rossi,
1790)

Synonym: Ophthalmicus phaeopterus Germar,
1837: Silber. Rev. Ent. 5: 137

Distribution in Libya: Jagbob (de Bergevin,
1930).
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General  Distribution:  Albania, Austria,
Belgium, Bosnia, Bulgaria, Croatia, France,
Syria

Germany, Greece, Hungary, Italy, Macedonia,
Malta, Netherlands, Poland, Romania, Iraq
Russia, Slovenia, Spain, Algeria, Egypt, Iran,
Morocco, Tunisia, Afghanistan, Azerbaijan,
Uzbekistan, Armenia, Turkey, Cyprus, Jordan,
and Libya.

Geocoris (Geocoris) collaris Puton, 1878
Synonym: Geocoris thoracicus Puton,
Pet. Nouv. Ent. 6: 452.

Distribution in Libya: Huon (Mancini, 1942,
Gialo).

General Distribution: Algeria, Canary Isles,
Iraq, Egypt, Morocco, Tunisia, Saudi Arabia,
Somalia, Yemen, Ethiopia, Pakistan, and Lib-

ya.

1874:

*Geocoris (Piocoris) erythrocephalus erythroc
ephalus (Lepelitier & Serville, 1825)
Synonym: Geocoris scutellaris Puton, 1886.
Distriution in Libya: Sebha, El kufra.

General Distribution: Albania, Bulgaria, Corfu,
Crimea, Cyprus, Czechoslovakia, France,
Germany, Italy, Iraq, Greece, Hungary, Portu-
gal, Romania, Russia, Spain, Algeria, Egypt,
Morocco, Astrakhan, Caucasus, Lebanon, Syr-
ia, Turkestan, Turkey, and Libya.

Geocoris (Piocoris) luridus (Fieber, 1844).
Synonym: Ophthalmicus luridus Fieber, 1844.
Distribution in Libya: El Kufra, Sebha, Ain
Kirim, El Giof, El Giululad (Mancini, 1942),
Jagbob (de Bergevin,1930), Gialo, Augia, (de
Bergevin, 1932).

General Distriution: Algeria, Egypt, Tunisia,
Sudan, Saudi Arabia, and Libya.

*Geocoris (Piocoris) luridus luridus (Fieber,
1844)

Synonym: Piocoris obesus Stal, 1872.
Distribution in Libya: El Kufra, Sebha, Gialo.
General Distribution: Algeria; Egypt; Iraq,
Turkmenstan,  Tunisia, Sudan, Arabia,
Caucasus, Iran, Syria, Turkestan, Turkey,
Morocco, Tunisia, Uzb-ekistan, Azerbaijan,

Armenia, Georgia, Jordan Iran, SaudiArabia,

Tadzhikistan, Ethiopia, Yemen, Sudan,
Turkmenistan, and Libya.

Genus: Stenophthalmicus Costa, 1875

Type species: Stenophthalmicus fajou-

mensis Costa, A., 1875.

Stenophthalmicus fajoumensis Costa, 1875
Synonym:

Stenophthalmicus mixtus Montandon,
Rev. d'Ent. 16: 98-99.

Distribution in Libya, Tajura, Zuara, Triploi.
General Distribution: Algeria, Egypt, Tunisia,
Sudan, Cyprus, Greece, Italy, Spain, and Libya.

1897:

Stenophthalmicus biskrensis Puton, 1887.
Synonym: Stenophthalmicus biskrensis Puton,

1887: Bull. Soc. Ent. Egypt. 4: 51

Distribution in Libya: Fezzan: Wadi Tanezzuft
(Mancini, 1936a).

General Distribution: Algeria, Egupt, Tunisia,
Turkestan, Mauritania, Somalia, Niger, Iran,
Morocco, Turkmenistan, and Libya.

SUBFAMILY: Henestarinae

Genus: Henestaris Spinola, 1837
Type species: Henestaris genei Spinola,
M.1837: Essai Gen. Hem. pp. 228-230.

* Henestaris laticeps laticeps (Curtis, 1837)
Synonym: Henestaris curtulus Horvath, 1911:.
Bull. Soc. ent. Egypt >> Note: Bull. Soc. Ent.
Egypt 2: 106-7.

Remarks: species  Henestaris  curtulus
Horvath, 1911 was synonymized a species
Henestaris laticeps laticeps (Curtis, 1837).
Distribution in Libya: El Bordy (100Km east
Tobruk).

General distribution: France, Algeria, Greece,
Spain, Algeria, Egypt, Morocco, Austria, Bel-
gium, Germany, Albania, Bulgaria, England,
Croatia, Italy, Portugal, Turkey, Spain, and
Libya.
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Genus: Engistus Fieber, 1864
Type species: Engistus brucki Fieber:. 1864.
Wien. Ent. Mschr. Ent. Monat. 8: 67-8.

Engistus boops (Dufour, 1857)
Synonym:  Engistus boops (Dufour,
Ann. Ent. Soc. Fr. (3): 5: 70.
Distribution in Libya: Zuara, Tripoli (Linvouri,
1965).

General distribution: Greece, France, Portugal,
Italy; Spain, Algeria, Morocco, Tunisia, Canary
Isles., Cyprus, Egypt, and Libya.

1857):

*Engistus boops boops (Dufour, 1857)
Synonym: Engistus brucki Fieber, 1864 Fieber:
Wien. Ent. Mschr. Monat. 8: 68.

Distribution in Libya: Zuara, Tripoli, Benghazi.
General Distribution: Spain, Algeria, Portugal,
Greece, France, Italy, Cyprus, Egypt, Morocco,
Canary Isles., Tunisia, and Libya.

* Engistus exsanguis exsanguis Stal, 1872
Distribution in Libya: Jebel El Wenat.

General distribution: France, Astrakhan, Cabo
Verde, Turkestan, Morocco, Tunisia, Iran,
Spain, Tukey, Russia, Algeria, Egypt, Greece,
Ukraine, Syria, Canary Isles, Afghanistan, Ka-
zakhstan, Iraq, Armenia, Iraq, Jordan, Kirgizia,
Kuwait, Saudi Arabia, Sudan, Turkmenistan,
Uzbekistan, Tadzhikistan, Pakistan, and Libya.

Engistus exsanguis (Stal, 1873)

Synonym: Engistus exsanguis Stal, C. 1872.
Ofvers. Vetensk Akad. Forh, Stockh. >> Note:
Ofv. Vet. Akad. Forh. 29: 45.

Distribution in Libya: Jagbob Oasis El Wenat,
Murzzuk (Mancini, 1935, 1940, 1942).

General Distribution: Turkestan, Kuwait, Iran,
Eremian zone, Sudan, Pakistan, and Libya.

SUBFAMILY: Cyminae

Genus Cymus Hahn, 1831
Type species: Lygaeus claviculus Fallen, 1807

Cymus minutus Lindbg, 1939
Synonym: Cymus minutus Lindbg, 1939:Bull.
Soc. Fouad Ent. 22: 14-15.

Distribution in Libya: El Kufra, Benzema, El
Giof (Mancini, 1940), Ghat (Mancini, 1942).
General Distribution: Egypt, Syria, Turkey,
Saudi Arabia, Algeria, and Libya.

*Cymus gracilicornis Vidal, 1940

Synonym: Cymus gracilicornis Vidal,
1940:Bull. Soc. Hist. Nat. Afr. Nord 30: 442.
Distribution in Libya: El Kufra.

General Distribution: Canary Isles., Cape
Verde Isles, Morocco, Sudan, Albania, Egypt,
Tunisia, Turkey, Iraq, Saudi Arabia, Yemen,
Iran, Libya.

SUBFAMILY: Heteogastrinae

Genus: Heterogaaster Schilling, 1829
Type species:  Cimex  urticae Fabricius,
J.C., 1775.

Heterogaster nasuta Horvath, 1895

Synonym: Heterogaster nasuta Horvath, G.
1895. Rev. Ent., Caen. 14: 157-8

Distribution in Libya: Al-Bayda.

General Distribution: Algeria, Morocco, Tuni-
sia, and Libya.

*Heterogaster cathariae (Geoffroy, 1785)
Synonym: Phygas nepetae Fieber, 1837: Beitr.
Ges. Natur.-Heil.-Wiss 1: 348

Distribution in Libya: Jebel Akhder.

General Distribution: Andorra, Austria, Bosnia,
Bulgaria, Croatia, Romania, Germany, Italy,
Czech Republic, France, Greece, Hungary,
Moldavia, Russia, Switzerland, Slovakia,
Spain, Ukraine, Yugoslavia, Algeria, Morocco,
Azerbaijan, China, Kazakhstan, Armenia, Tur-
key, Cyprus, Georgia, Iran, Kirgizia, Tadzhiki-
stan, Uzbekistan, Turkmenistan, and Libya.

Genus: Platyplax Fieber, 180
Type species: Heterogaster salviae Schilling,
1829

Platyplax inermis (Rambur, 1839)
Synonym: Heterogaster salviae Schilling,
1829.

Distribution in Libya: El Merj.
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General Distribution: Albania, Bosnia, Herce-
govina, Croatia, France, Greece, Macedonia,
Italy, Portugal, Spain, Algeria, Canary Isles,
Yemen, Ethiopia, Tunsia, Cyprus, Turkey, Mo-
rocco, Tunisia, and Libya.

SUBFAMILY: Oxycarninae

Genus: Oxycarenus Fieber, 1860
Type species:  Stenogaster
(= Oxycarenus lavaterae), 1883.

tardus Hahn

Oxycarenus hyalinipennis (A. Costa, 1847)
Aphanus hyalinipennis A.Costa, 1843: Att. R.
Ist. Sci. Nat. Napol. 7: 184-185.

Distribution in Libya: Cyrenica (1942a).
General Distribution: Bosnia and Herze-
govina, Bulgaria, Croatia, France, Greece,
Italy, Portugal, Spain, Albania, and Libya.

*Oxycarenus (Oxycarenus) hyalinipennis (Co
sta, 1847)

Synonym: Oxycarenus castaneus Bergevin,
1932 Bull. Soc. Hist. nat. Afr. N.

Distribution in Libya: El Merj.

General Distribution:  Argentina, Bolivia,
Brazil Paraguay, Tunisia, Angola, Austria,
France, Italy, Greece, Hungary, Italy, Portugal,
Russia, Spain, Algeria, Egypt, Morocco,
Sudan, Ethiopia, Iraq, Congo, Ethiopia, Kenya,
Madagascar, Syria, Mauritania, Mozambique,
Rawanda, Sengal, Uganda, Burma, China,
India, Iran, and Libya.

Oxycarenus pallens (Herrich-Schaeffer &
G.H.W., 1850)

Synonym: Stenogaster pallens Herrich-
Schaeffer, 1850: Wanz. Ins. 9: 214-216.
Distribution in Libya: Jebel Nefousa.

General distribution: Holomediterranean, ex-
tending to Middle and Central Asia, India, Su-
dan, Turkestan, and Libya.

Genus: Bycanistellus Reuter, 1890
Type species: Bycanistes naso Stal, C. 1872:
Ofv. Vet. Akad. Forh. 29: 50.

Bycanistellus naso (Stal, 1872)
Bycanistellus naso (Stal, 1872): Ofv. Vet.

Akad. Forh. 29: 50.

Distribution in Libya: Tobruk, and El Khomos.
General Algeria, Egypt, Morocco, Tunisia, and
Libya.

Genus: Leptodemus Reuter, 1900
Type species: Leptodemus minutus variety
pallidula Reuter, 0.M,1900.

Leptodemus bicolor Lindberg, 1924

Synonym: Cyproplax avenae Lindberg, 194
Comment. Biol. 10: 7: 68, 69, 167.
Distribution in Libya: Jebel Nefousa, Gharyian.
General distribution: Greece, Italy, Egypt, Iran,
Greece, Italy, Egypt, Cyprus, Tadzhikistan,
Iran, Turkmenistan, Kirgizia, Uzbekistan, Iraq,
Libya.

Leptodemus bicolor ventralis Schmidt, 1939
Leptodemus bicolor variety ventralis Bull. Soc.
Fouad Ent. 23: 20-21.

Distribution in Libya: Jebel Nefousa, Gharyian.
General Distribution: Egypt, and Libya.

Leptodemus minutus (Jakovlev, 1876)
Synonym: Leptodemus scorteccii Mancini,
1936 Att. Soc. Ital. Sci. Nat. 75: 303-304
Distribution in Libya: El Khomos (Mancini,
1936), Kufra-Benezema, Giaidi, Haufun, kufra-
|1 Tag, Bir El Harraso, El Weinat-Ain Murr, Ain
Doua (Mancini, 1940), Gialo (deBergreven,
1932). Benghazi, Gialo (Zavattari, 1934).
General Distribution: Algeria, Turkey, Saudi
Arabia, Morocco, Tunisia, Afghanistan, Iran,
Egypt, Jordan, Kirgizia, Kuwait, Mongolia,
Iraq, Canary Isles, Cyprus, Turkey, Kazakh-
stan, Saudi Arabia, Azerbaijan, Tadzhikistan,
Turkmenistan, Iraq, Syria, Yemen, Uzbekistan,
and Libya.
Remarks
1936.

Synonym: of Leptodemus minutus (Jakovlev,
1876).

Leptodemus scorteccii Mancini,

*Leptodemus minutus minutus (Jakovlev,
1876).
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Synonym: Leptodemus scorteccii Mancini,
1936: Att. Soc. Ital. Sci. Nat. 75: 303-304
Distribution in Libya: Benghazi, and Gialo.
General Distribution: Cyprus, Russia, Algeria,
Egypt, Morocco, Mauritania, Astrakhan, Cau-
casus, Turkestan, Turkey, and Libya.

Genus: Microplax Fieber, 1860
Type species: Oxycarenus plagiatus Fieber,
F.X., 1860.

Microplax plagiatus (Fieber, 1837)

Synonym: Microplax plagiatus (Fieber, 1837)
Beitr. Ges. Nat. Heilwiss. p. 342.

Distribution in Libya: Jebel Nefousa, Ghryian,
Azizia, Gaser El Garabulli, Misrata (Manci-
ni, 1936).

General Distribution: Portugal, Italy, Algeria,
Morocco, Tunisia, and Libya.

SUBFAMILY: Aphaninae

Genus: Megalonotus Fieber, 1860
Type species: Lygaeus chiragra Fabric 1794.
(= Megalonotus chiragrus chiragrus)

Megalonotus puncticollis (Luc, 1849)
Synonym: Megalonotus praetextatus (Herrich-
Schiffer, 1850): Wanz. Ins. 4: 12-13.
Distribution in Libya: Khomos (Mancini, 193)
General Distribution: Algeria; Canary Isles,
Morocco, Caucasus, Tunisia, Syria, Spain,
France, Greece, Italy, and Libya.

*Megalonotus (Megalonotus) puncticollis pun
cticollis (Lucas, 1849)

Synonym: Rhyparochromus luctuosus Lucas,
1849: Expl. Alger. Zool. 3: 3: 77.

Distribution in Libya: Gharyian

General distribution: Albania, France, Italy,
Greece, Italy, Russia, Spain, Yugoslavia, Alge-
ria, Canary Isles, Morocco, Caucasus, Tunisia,
Syria, and Libya.

Genus Aellopus Wolf, 1811
Type species: Cimex atratus Goeze, 1778.

Aellopus atratus (Gz, 1778)
Synonym Cimex atratus (Goeze, 1778) Ent.

Beytr. Ritter Linne 2: 268.
Distribution in Libya:
1942a).

General Distribution: Austria, Cyprus, Bulgar-
ia, Belgium, Bosnia, Croatia, Cyprus, Czech
Republic, Turkey, and Libya

Cyrenica (Mancini,

*Aellopus atratus atratus Goeze, 1778
Synonym Lygaeus aterrimus Fabricius,
Supp. Ent. Syst

Distribution in Libya: Benghazi.
General Distribution: Austria, Belgium, Italy,
Bulgaria, Cyprus, France, England, The Czech
Republic, Germany, Greece, Hungary, Holland,
Spain, Portugal, Poland, Romania, Switzerland,
Iran, Russia, Algeria, Morocco, Tunisia, Iran,
India Syria, Turkestan, Turkey, Astrakhan,
Caucasus, and Libya.

1798:

Genus: Taphropeltus Stal, 1872
Type species: Lygaeus hamulatus Thomson,
1870.

Taphropeltus nervosus (Fieber, 1861)
Synonym:  Scolopostethus nervosus  Fieber,
186. Wien: Gerold vi, 1: Eur. Hem. p. 189
Distribution in Libya: Wadi-Belgader (Manci-
ni, 1942a).

General Distribution: Croatia, Cyprus, Turkey,
Italy, Malta and Libya.

*Taphropeltus nervosus nervosus (Fieber,
1861)

Synonym: Taphropeltus nervosus nervosus
(Fieber, 1861), Wien: Ger vi, E. H. p. 189
Distribution in Libya: E1 Wueinat.

General Distribution: Portugal, France, Italy,
Greece, Spain, Algeria, Morocco, Tunisia,
Syria, and Libya.

Genus Scolopostethus Fieber, 1860
Type species: Tritomacera aphanoides
Fieber, 1860 (= Scolopostethus cognatus).

Scolopostethus decoratus (Hhn, 1831)
Synonym: Scolopostethus brevis Saunders,
1876: Ent. Mo. Mag. 12: 221

Distribution in Libya: Derna (Mancini, 1942a).
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General Distribution: France, Germany, Hol-
land, Spain, Algeria Albania, Austria, Italy,
England, Bulgaria, Denmark, Estonia, Poland,
Belgium, Greece, Hungary, Ireland, Czech Re-
public, and Libya.

Genus: Lethaeus Dall, 1852
Type species: Lethaeus
1852,

africanus Dallas,

Lehaeus lethierryi (Put, 1869)

Synonym: Lethaeus lethierryi lethierryi (Puton,
1869) Ann. Soc. Ent. Fr. p. 142

Distribution in Libya: El Bordy, Cyrenica (de
Bergevin, 1930, Zavattari, 1934).

General Distribution: Algeria;Arabia;Canary
Isles, Cape Verde Isles, Egypt, Mauritania,
Iran, Tunisia, Caucasus, Iran, Syria, Jordan,
Turkey, and Libya.

Genus: Lasiocoris Fieer, 1860
Type species: Pachymerus anomalus Kolenati,
1845. (= Lasiocoris anomalus anomalus)

Lasiocoris crassicornis (Luc, 1849)

Synonym: Lasiocoris antennatus Montandon,
1889: Rev. d'Ent. 8: 288
Distribution in Libya:
1942a).

General Distribution: Greece, Italy, Turkey,
Iran, Turkestan, Algeria, and Libya.

Cyrenica (Mancini,

Genus: Peritrechus Fieber, 1860
Type species: Beosus angusticollis Sahlberg,
1848.

Peritrechus meridionalis Put, 1877

Synonym: Peritrechus meridionalis Put, 1877:
Pet. Nouv. Ent. 2: 168: 117.

Distribution in Libya: Cyrenica (Mancini,
1942a).

General Distribution: Algeria, and Libya.

Peritrechus meridionalis fuscatus Ferrari,
1888

Syn: Peritrechus meridionalis fuscatus Ferrari,
1888:Ann. Mus. Civ. Stor. Nat. Gen. (2): 6:
545, 557.

Distribution in Libya:
1942a).

General Distribution: France, Italy, Algeria,
Libya.

Cyrenica (Mancini,

Genus: Stygnocoris Douglas & Scott, 1860

Type species: Lygaeus rusticus Fallen, 1807
(= Stygnocoris rusticus rusticus)

Stygnocoris rusticus (Fallen, 1807)

Synonym: Lygaeus rusticus ~ Fallen,  1807:

Monog. Cim. Suec. p. 70.

Distribution in Libya: El Bordy (de Bergevin,
1930, Zavattari, 1932).

General Distribution: Austria, Belarus, Russia,
Belgium, Bosnia, England, Bosnia, Bulgaria,
Czech Republic, Croatia, and Libya.

*Stygnocoris rusticus rusticus (Fallen, 1807)
Synonym Stethotropis incana Fieber, 1870,
Verh. Zool. Bot. Ges. Wien. pp. 245-6.
Distribution in Libya: Tobruk.

General Distribution: Austria, Belgium, Spain,
Denmark, Italy, England, Estonia, The Czech
Republic, Finland, France, Germany, Hungary,
Holland, Hungary, Ireland, Holland, Portugal,
Poland, Romania, Russia, Sweden, Switzer-
land, Wales, Caucasus, Astrakhan, Algeria,
Morocco, USA, Canada, and Libya.

Genus: Camptocera Jakowleff, 1877
Type species: Rhyparochromus glaberri-
mus Walker, 1872 (= Camptocera glaberrima).

Camptocera glaberrima (Walker, 1872)
Synonym: Tropistethus aurantiacus Distant,
1918Fn. Brit. Ind. Rhynch. 7: 197.

Distribution in Libya: Ghat (Mancini, 1942a),
El Khomos (Linnavuori, 1965).

General Distribution: France, Russia, Spain,
Algeria, Canary Isles, Egypt, Morocco, Astra-
khan, Caucasus, Iran, Israel, Syria, Turkestan,
Turkey, Eritrea, Sudan, India, Iran, and Libya.

Genus: Ischnopeza Fieber, 1860
Type species: Pachymerus hirticornis Herrich-
Schaeffer, 1850.

Ischnopeza pallipes Put, 11892
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Ischnopeza pallipes Put, 11892:Rev. d'Ent. 11:
217.

Distribution in Libya: Merj (Mancini, 1942a).
General Distribution: Cyprus, France, Algeria,
Egypt, Lebanon, Syria, Turkey, and Libya.

Genus Emblethis Fieber, 1860
Type species: Lygaeus verbasci Fabricius,
1803 (= Emblethis verbasci verbasci)

Emblethis ciliatus Horvath, 1875

Synonym: Emblethis ciliatus Horv, 1875.
Distribution in Libya: El Bordy (de Bergevin,
1936, Zavattori, 1934).

General Distribution: Austria, Bulgaria, Crete,
The Czech Republic, Germany, Greece, Hun-
gary, Romania, Russia, Egypt, Morocco, Tur-
key, Iraq, Caucasus, Kurdistan, Siberia, Syria,
Algeria, and Libya.

Emblethis verbasci (F, 1803)

Synonym: Lygaeus verbasci Fabricius, 1803.
Distribution in Libya: Benghazi (Mancini,
1942a), El Bordy (de Bergevin, 1930, Zavat-
tari, 1934).

General Distribution: Turkey, Kazakhstan,
Turkestan, France, Iran, Ukraine, Italy, Poland,
Spain, and Libya.

* Emblethis verbasci verbasci (F, 1803)
Synonym: Lygaeus pilifrons Zetterstedt,
Kongl. Vet. Akad. Handl. pp. 71-2.
Distribution in Libya: El Merj, Benghazi.
General Distribution: Albania, Austria, Cyprus,
Bulgaria, Poland, Belgium, England, Germany,
Iran Holland, France, Greece, Hungary, Swit-
zerland, Malta, Spain, Portugal, Czechoslo-
vakia, Syria, Romania, Russia, Sweden, Yugo-
slavia, Algeria, Afghanistan, Egypt, Morocco,
Turkey, Canary Isles, Tunisia, Mongolia, and
Libya.

1819:

Emblethis angustus Mont, 1890

Synonym: Emblethis angustus Montandon,
1890

Distribution in Libya: 60 Km east of Nalut.
General Distribution: Bulgaria, Portugal, Ca-
nary Isles, Croatia, Italy, Macedonia, and Lib-

ya.

Emblethis gracilicoris Put, 1883

Synonym: Emblethis oblongus Wagner, 1959.
Distribution in Libya: Jebel Soda, Valle Uosca
(Mancini, 1936).

General Distribution: Spain, Algeria, Egypt,
Morocco, Arabia, Iran, Kenya, Iran, and Libya.

Genus: Macropternella Slater, 1957
Type species: Oxycarenus
Fieber, 1852.

inermis

Macropternella marginalis (Fieb, 1861)
Synonym: Macropternella marginalis Fieber,
1861.

Distribution in Libya: 20 Km west Azizia.
General Distribution: France, Italy, Portugal,
Spain, Morocco, West Africa, and Libya.

Genus: Brachyplax Fieber, 1860
Type species: Brachyplax albidus Fieber,
1860. (= tenuis tenuis).

Brachyplax tenuis (Mulsant & Rey, 1852)
Synonym: Pachymerus palliatus Costa, 1855.
Distribution in Libya: Cyrenica: Mancini,
1942a.

General Distribution: Austria, Bosnia, Bulgar-
ia, Croatia, Czech Republic, Turkey, France,
Hungry, Italy, Macedonia, Portugal, Romania,
Russia, Slovakia, Slovenia, Spain, Algeria,
Slovkia, Kaz-khstan, Switzerland, Ukraine,
Egypt, Tunisia, Azerbaijan, Armenia, Syria,
Georgia, Cyprus, Kirgizia, Tadzhikistan,
Turkmenistan, Uzbekistan, and Libya.
Remarks: Species Brachyplax tenuis (Mulsant
& Rey, 1852) was listed as Brachyplax palliata
(Costa, 1852) by Eckerlein & Wagner, 1969.

*Brachyplax tenuis tenuis (M & R, 1852)
Synonym: Brachyplax albidus Fieber, 1861.
Distribution in Libya: El Me;.

General Distribution: Cyprus, France, Greece,
Hungary, Italy, Lesbos Isles, Portugal, Roma-
nia, Russia, Spain, Algeria, Egypt, Morocco,
Caucasus, Turkestan, Turkey, and Libya.

Genus: MetopoplaxFiebe, 180
Type species: Pachymerus ditomoides Costa,
1847.
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*Metopoplax ditomoides (Costa, 1847)
Synonym: Pachymerus ditomoides Costa, 1847
Distribution in Libya: Benghazi.

General Distribution: France, Czech Republic,
Hungary, Syria, Turkey, German, Holland,
Malta, Portugal, Portugal, Spain, Switzerland,
Tunisia, Morocco, Belgium, Bosnia, Bulgraia,
Algeria, Morocco, Belgium, Bosnia, Bulgaria,
Luxemburg, Macedonia, Malta, and Libya.

SUBFAMILY: Atheneinae

Genus: Artheneis Spinola, 1837
Type species: Artheneis foveolata Spinola,
1837.

Artheneis alutacea Fieber, 1860

Distribution in Libya: Fezzan: Rhoddua.
General Distribution: Macedonia, Algeria,
Egypt, Greece, Italy, Tunisia, Cyprus, Jordan,
Morocco, and Libya.

Artheneis aegyptiaca Lindbg, 1939.
Synonym  Artheneis aegyptiaca
1939.

Distribution in Libya: Kufra Oasis, Zaraga, Bir
Y gub (Mancini, 1940).

General Distribution: Yemen, Sudan, Saudi
Arabia, Egypt, Syria, Iran, and Libya.

Lindberg,

*Artheneis balcanica (Kormilev, 1938)
Synonym: Karamania balcanica Kormilev, N
1938.

Distribution in Libya: El Kufra.

General Distribution: Bulgaria, Greece,
Ukraine, Azerbaijan, Turkmenistan, Iraq, Syria,
Bulgaria, Tajikistan, Uzbekistan,
Turkmenistan, Greece, Macedonia, Ukraine,
Syria, Turkey, Cyprus, Uzbekistan, and Libya.

*Artheneidea tenuicornis Kiritshenko, 1913
Synonym: Artheneis chlorotica de  Bergevin,
1930: Ann. Mus. Civ. Stor. Nat. Gen. 55: 35
Distribution in Libya: Jagbob (de Bergevin,
1930, Zavattri, 1934).

General Distribution: Libya, Iraq, Turkestan,
Algeria, Egypt, Tunisia, Kazakhstan, China,
Iran, Mongolia, Saudi Arabia, Uzbekistan,
Tadzhikistan, Turkmenistan, Sudan.

Remarks: Artheneidea tenuicornis Kiritshenko,
1913 was listed as Artheneis chlorotica de Ber-
gevin, 1930 by Eckerlein& Wagner, 1969.

Artheneis beieri Wagner, 1963.

Artheneis beieri Wagner, 1963: Zootaxa 3408,
pp. 1-33.

Distribution: 20 Km west to Gasr Garabulli.
General distribution: Iran, Turkmenistan, Uz-
bekistan, Yemen, Sudan, Algeria, and Libya.
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Abstract: The study aims to investigate the presence of fungi and their toxins in different samples
of potato chips imported from different origins. Fifteen chips’ samples were collected from the
local markets of Mosul city/Iraq which included various global origins with several flavors of
pepper, paprika, hot spices, and cheese. It appears that all potato chips’ samples were contaminat-
ed with fungi and mycotoxins. It was evident that Penicillium spp. were the most predominant fun-
gi followed by Aspergillus spp. and Rhodotorella spp. came third, while Geotrichumspp and yeasts
came in fourth. Potato chips from the brand Pringles was contaminated with Penicillium spp., and
Geotrichum spp. at a percentage of 50, 30% respectively. The Hum Hum brand samples were con-
taminated with A4.terrus and Penicillium spp. at 40, 30% respectively. Dream brand samples were
contaminated with 4.jamanicum., and Penicillium., at percentages of 30, 60% respectively. Lays1
with tomato ketchup samples were contaminated with four genera: Penicillium spp., Mucor spp.,
Rhodotorellaspp., and yeast with percentages of 40, 20, 10, and 10% respectively. Lays2 with
French cheese variety was contaminated with the same fungi of lays2 type but with the addition of
Aspergilli (4. versicolor and A. niger), which were 60 and 30% respectively. The Patos brand pota-
to chips were contaminated with two Aspergilli (4.astus and A.jamanicum), at 30 and 40% respec-
tively. Zearalenone was found to be the highest contaminant (13.81ppm) of mycotoxins followed by
aflatoxins (0.26ppm). Ochratoxin was the least contaminant (0.16ppm) in the analyzed potato chips.
It can be concluded that all tested potato chips’ samples showed the presence of fungi and myco-
toxins. However, all mycotoxins (aflatoxin, ochratoxin, and zearalenone) in the food commodi-
ties were within the permissible limits intended for human consumption.

Keywords: Contaminated Chips, Mycotoxins, Aflatoxins, Zearalenone, Ochratoxin.

INTRODUCTION

Food contamination is a major problem, and
contaminants vary with different food com-
modities. Fungi are regarded as one of the
most persistent food contaminants, having
the ability to produce toxins known as myco-
toxin under favorable conditions. These tox-
ins may lead to serious diseases called myco-
toxicosis (Manjula et al., 2016). More than
300 fungal toxins have been discovered that
are produced by different fungal species
(Tairo et al., 2008). The most significant fun-
gi agriculturally are Aspergillus, Penicillium,
and Fusarium, which can produce toxins

such as aflatoxin, ochratoxin, zearalenone,
and trichothecenes (Martins et al., 2001;
Milani et al., 2013). The preservation of pro-
cessed foods from fungal contamination may
be achieved by the incorporation of food ad-
ditives (Jonathan et al., 2012).

Food additives, such as antifungal agents,
are chemicals that are usually added to pro-
cessed foods in order to preserve them from
undesirable changes in their color, flavor,
or nutritional values as a result of fungal
growth (Manjula et al., 2016).

Antifungal agents are usually prepared from
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natural sources, plants, or produced chemi-
cally (Mmasa et al., 2012). Preferably, they
are prepared from natural sources includ-
ing, spices and flavor materials.

Aflatoxins are secondary metabolites pro-
duced by strains of Aspergillusflavus, A. par-
asiticus, and A. nomius. These metabolites
are furocoumarins, including AFB1, AFB2,
AFG1, and AFG2 (Amri & Lenoi, 2016). Af-
latoxins are fully soluble in solvents such as
methanol and chloroform. The presence of a
lactone ring in aflatoxin molecules makes
them more susceptible to hydrolysis by alka-
line solutions (Azizi et al., 2012; Bankole &
Adebanjo, 2003).

In humans and animals, aflatoxins affect dif-
ferent cell wall tissues, inhibit RNA
function in DNA synthesis, and act
as immunosuppressive agents. Aflatoxins are
a serious fungal toxin responsible for the con-
tamination of food commodities and the
emergence of liver cancer in humans
which poses a significant threat to human
health (Croft et al., 1986; Wyllie &
Morehouse, 1978).

The World Health Organization (1979) has
identified the permissible limits of aflatoxin
in adult foods to be not more than 20 ppb and
0.5 ppb in milk, whereas it should be 20 ppb
in feeds. However for baby food, there are no
limits allowed Smith and Moss, 1985 U.S.
Ochratoxins are a group of mycotoxins pro-
duced by several species of Aspergillus, es-
pecially 4. ochraceous and some species of
Penicillium (Gnonlonfin et al., 2012).

They are colorless, crystalline in texture, with
blue fluorescence usually emitted from them
when exposed to ultraviolet rays. These tox-
ins dissolve in acidic solutions,
with moderate solubility in methanol and
chloroform. OTAs have the ability to bind to
serum albumin. OTAs could cause intestinal
ulcers, affect the liver and reduce its efficien-
cy, and affect kidneys, and cause intestinal

disorders. Zaralennon is another mycotoxin
and is one of the phenolic compounds with
estrogenic characteristics (Savino et al.,
2007). It is a crystalline compound, white in
color, and glows with blue-green fluores-
cence usually emitted from this toxin when
exposed to wide UV long-waves. Its discov-
ery was in 1916 when symptoms of vomiting
and poisoning were described in humans due
to the consumption of bread made of wheat
infected by Fusarium, (especially F. gra-
minearum) (Bullerman & Bianchini, 2007).

This study aimed to identify, isolate, and inves-
tigate the presence of fungi in different samples
of potato chips imported from different ori-
gins, then estimate some mycotoxins in these
products.

MATERIALS AND METHODS

Sample collection: Fifteen samples of potato
chips were collected from the local markets
of Mosul city, which included various global
origins with different flavors (pepper, papri-
ka, hot spices, and cheese: Table 1).

Isolation of fungi: One gram from every of
potato chips’ sample was grounded and trans-
ferred to glass bottles containing 9 ml of ster-
ilized distilled water, mixed with a stirrer,
and left to settle down. Subsequently, 1 ml of
the mixture was streaked on three plates of
PDA for each Sample. Plates were incubated
at 28°C for one to two weeks. Plates were
then examined for the developing fungal col-
onies and diagnosed according to the ap-
proved diagnostic keys (de Hoog & Guarro,
1995; Pitt & Hocking, 2007)

Diagnosis of Aspergillus species: Diagnosis
was based on the growth on different media
and under different temperatures according to
(Pitt & Hocking, 2007) by using three types
of media for diagnosis, Czapek Yeast-extract
Agar (CYA), Malt Extract Agar (MEA), and
Glycerol (25%) Nitrate agar (G25N)

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (4): 275-286, 2020

Table (1) Types of Potato Chips, Country of origin and flavor additive.

Sample No. Flavor additive Manufacturing Country Product name
1 Hot&Spicy Belgium Pringles

2 HotPepper Syria HumHum
3 Ketchup Iran MazMaz
4 HotFlavor Turkey Patos

5 HotPepper SaudiArabia Dream

6 HotFlavor Turkey Cipso

7 Paprika Jordan SnackMix
8 HotPepper Turkey Doritos

9 Cheese And Onion Kuwait Fico Fresh
10 Tomato ketchup SaudiArabia Laysl

11 French Cheese SaudiArabia Lays2

12 Cheese Turkey Patos

13 Ketchup Syria Lux

14 Cheese Syria Boshr

15 Garnish Syria Mamito

Isolates of the Aspergillus species were diag-
nosed depending on the morphological cul-
tural characteristics and its image under the
microscope by plating them on PDA and in-
cubating at 28 ° C for seven days. Culturing
was done by using a sharp cork borer to
transfer part of the edge of the colony under
septic conditions and placing them in the cen-
ter of three agars mentioned above, with three
replicates of each fungal isolate. Agars were
incubated in an inverted state under three
temperatures, 5° C, 25 ° C, and 37 ° C for
seven days. Species of the Aspergillus genus
were diagnosed through their form of growth,
colony colour, and colony diameter depend-
ing on the taxonomic key of the Aspergillus
species (Pitt & Hocking, 2007).

Mycotoxins analyses of potato chips: Be-
fore opening potato chip packages, steriliza-
tion of outer covering was done with 70% al-
cohol. Twenty grams of potato chips samples
were grounded, placed in plastic bags, and
subjected to extraction for mycotoxins anal-
yses. Aflatoxin, ochratoxin, and zearalenone,
were analysed using enzyme-linked immuno-
sorbent assay (ELISA) at the veterinary la-
boratory in the province of Erbil.

Method of mycotoxins extraction:

Five grams of grounded potato chips sam-
ples were transferred to conical flasks. To
these samples, 25 ml of 70% methanol was
added when aflatoxin and zearalenone were
extracted, and 50% was used when ochratoxin
was extracted. Samples were shaken for three
minutes then filtered using Whatman No.1
filter papers. 5 ml of the filtrate was trans-
ferred to a test tube. However, in the case of
zearalenone, 1 ml of the filtrate was diluted
four times with sterile distilled water (1:4).
All samples were placed in the refrigerator
until analysis.

ELISA technique was used for samples anal-
yses using Neogene Kits and as follows: 100
ul of samples and control were pipetted in the
red plate wells followed by 100 pl of Enzyme
conjugate, mixed two to three times for ho-
mogenization. Mixtures were transferred to
white wells in another plate and left for 10-20
seconds at room temperature. A plate was
washed with distilled water five times.
Then 100 pl of the substrate were added and
mixed for 10-20 seconds and left for 3
minutes at room temperature. 100ul of stop
solution was finally added. Results were ob-
tained using Neogen Vertex software Vera
tax ELISA Reader.

RESULTS
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ISSN: online 2617-2186 print 2617-2178

277



Al-Mukhtar Journal of Sciences 35 (4): 275-286, 2020

As illustrated in Table 2, it appears that all po-
tato chips’ samples were contaminated with
fungi and mycotoxins. Pringles potato chips
brand was contaminated with the following
fungi; A. niger, A. astus, Penicillium spp.,
Geotrichum spp., and Chaetomium spp., at a
percentage of 20, 30, 50, 30, and 10% respec-
tively. Hum Hum potato chips were contami-
nated with three fungi: A. terrus, A. niger,
and Penicillium spp. at 40, 20, and 30% re-
spectively. Three fungi contaminated the
MazMaz brand samples and included Penicil-
liumspp., Geotrichumspp, and Rhodotorel-
laspp. in descending percentages of 30, 20,
and 10% respectively. Potato chips were also
contaminated with three fungi; Penicilli-
umspp., Geotrichum spp. and Mucor spp., at
40, 20, and 10% respectively.

The Dream brand of potato chips was con-
taminated with A. jamanicum., Penicillium,
Geotrichum spp., and Chaetomium spp. at
percentages of 30, 60, 30, and 10% respec-
tively. The same fungi were isolated from the
Dream and Cipso brands except for Aspergil-
lus, which was A. flavus, and these fungi
were in the following percentages 50, 70, 40,
and 10% in the same order respectively. Two
species of Aspergilli, 4. flavusand A. parasit-
icus were isolated from Snack Mix potato
chips at a percentage of 80 and 60%, in addi-
tion to Penicillium spp. and Geotrichum spp.
at a rate of 60 and 10% respectively.

The same Aspergillus spp. of Snack Mix was
also contaminating samples from Doritos po-
tato chips in addition to A. niger at a rate of
70, 70, and 30%. Penicillium was also isolat-
ed from the chips brand at a percentage of
20%. Five fungi were isolated from Fico
Fresh potato chips brand including A. niger,
A.astus, Penicillium spp., Rhizopus spp., and
Trichodermaspp, at a rate of 30, 40, 40, 10,
and 20% respectively. Lays with tomato
ketchup was contaminated with three fungi
namely Penicillium spp., Mucor spp.,
Rhodotorellaspp., and yeast with percentages
of 40, 20, 10, and 10% respectively (Table 2).

Lays2 with French cheese potato chips were
found to be contaminated with the same fungi
of the previous Lays type, but with the addi-
tion of Aspergilli (4. versicolor and A. ni-
ger), which were 60 and 30% respectively.
The Patos brand chips were contaminated
with two Aspergilli (4. astus and A. jaman-
icum), at 30 and 40% respectively, and 20%
for Penicillium, Rhodotorella spp. and yeasts.

The Lux type of potato chips was also con-
taminated with two Aspergilli (4. astus and
A. niger) at 20 and 10%, with Penicilli-
um10%, and Yeasts 10% (Table 2).
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Table (2) Percentage of fungi isolated from chips.

Product No. Product name Fungi % of Isolation
1 Pringles Aspergillusniger 20
A.astus 30
Penicillium spp. 50
Geotrichum spp. 30
Chaetomium spp. 10
2 Hum Hum A. terrus 40
Aspergillusniger 20
Penicillium spp. 30
3 MazMaz Penicillium spp. 30
Geotrichum spp. 20
Rhodotorella spp. 10
4 Patos Penicillium spp. 40
Geotrichum spp. 20
Mucor spp. 10
5 Dream A.Jamanicum 30
Penicillium spp. 60
Geotrichum spp. 30
Chaetomium spp. 10
6 Cipso A.flavus 50
Penicillium spp. 70
Geotrichum spp. 40
Chaetomium spp. 10
7 Snack Mix A.flavus 80
A.parasiticus 60
Penicillium spp. 60
Geotrichum spp. 10
8 Doritos A.flavus 70
A.parasiticus 70
Aspergillusniger 30
Penicillium spp. 20
9 Fico Fresh A.astus 30
Aspergillusniger 40
Penicillium spp. 40
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Product No. Product name Fungi % of Isolation
Rhizopus spp. 10
Trichoderma spp. 20
10 Lays 1 Penicillium spp. 40
Mucor spp. 20
Rhodotorella spp. 10
Yeasts 10
11 Lays 2 A.versicolor 60
A.niger 30
Mucor spp. 20
Penicillium spp. 30
Rhodotorella spp. 20
12 Patos A.astus 40
A.Jamanicum 30
Penicillium spp. 20
Rhodotorella spp. 20
Yeasts 20
13 Lux A.astus 20
A.niger 10
Penicillium spp. 10
Yeasts 10
14 Boshar A.candidus 20
A.niger 10
Penicillium spp. 20
Mucor spp. 20
Rhodotorella spp. 30
Yeasts 40
15 Mamito A.parasiticus 20
Penicillium spp. 30
Geotrichum spp. 10
Rhodotorella spp. 20
Yeasts 30
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Five species of molds and yeasts were con-
taminating Bushar potato chips brand; A.
candidus (20%), A.niger (10%), Penicillium
(20%), Mucor spp. (20%), Rhodotorella spp.
(30%), and yeast (40%). the Mamito chips
were contaminated with four species of fungi
and yeast which were, 4. parasiticus (20%),
Penicillium spp. (30%), Geotrichum spp.
(10%), Rhodotorella spp. (20%), and yeasts
(30%). From figure (1) it is evident that Pen-
icilliumspp. was the most predominant fun-
gi which contaminated different potato chips’
brands (27.45%), followed by Aspergillus
spp. (23.52%). In third place was Rhodotorel-
la spp. (13.72%), while in fourth place was
Geotrichumspp. and yeasts (9.8%). Chaeto-
miumspp was in fifth place being 7.84%. Mu-
corspp and Trichodermaspp. were the least
isolated contaminant of different chips’ types
which accounted for 5.88 and 1.96% respec-
tively.

and Lay's 2 had no ochratoxin contamination.
Potato chips’ types contaminated with zeara-
lenone had percentages ranging from 4.5 to
46.4 ppm. However, MazMaz, Fico Fresh,
and Lay's 1 showed no zearalenone contami-
nation. Finally, Boshar potato chips were the
most contaminated samples with three myco-
toxins: aflatoxin, ochratoxin, and zeara-
lenone, with percentages of 2.6, 0.5, and 33.2
ppm respectively.

It appears that zearalenone was the most
abundant contaminant (13.81 ppm) among
the three examined mycotoxins (Fig, 2), fol-
lowed by aflatoxin (0.26ppm), whereas
ochratoxin, was the least contaminant
(0.16ppm) in the tested potato chips.

Table (3) Occurrences of mycotoxins in potato chips’
samples.

Penicillium spp.
2745%
W Aspergillus spp.

1 Rhodotorella spp.
1 Geotrichum spp.
Hyeasts

@ Chaetomium spp.
1 Mucor spp.

Trichoderma spp.

Figure (1): Percentages of different fungi and yeasts
isolated from different potato chips’ brands.

The amount of mycotoxins in chips’ samples
was determined in this study. Table (3)
shows that all of the chips’ types were con-
taminated with aflatoxin with a percentage
ranging from 0.1 to 2.5 ppm. While Patos,
Dream, Cipso, Snack Mix, Doritos, Fico
Fresh, in addition to Mamito, had no aflatox-
in contamination. Percentages of ochratoxin
were between 0.1 and 0.5 ppm. While Prin-
gles, Maz Maz, Patos, Doritos, Fico Fresh,

Mycotoxins
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Pringles 0.3 0.0 6.5

2 Hum 0.3 0.4 4.5
Hum

3 MazMaz 0.2 0.0 0.0

4 Patos 0.0 0.0 14.7

5 Dream 0.0 0.4 7.9

6 Cipso 0.0 0.1 10.2

7 Snack 0.0 0.5 11.2
Mix

Doritos 0.0 0.0 19.9

9 Fico 0.0 0.0 0.0
Fresh

10 Laysl 0.1 0.2 0.0

11 Lays2 0.1 0.0 12.1

12 Patos 0.0 0.1 26.4

13 Lux 0.3 0.1 13.2

14 Boshar 2.6 0.5 33.2

15 Mamito 0.0 04 46.4
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13.81ppm

B Zearalenone
Aflatoxin

B Ochratoxin

0.16 ppm I

Figure (2): Mycotoxins in analyzed potato chips.
DISCUSSION

When different foods are contaminated by
various fungi, producing and non-producing
mycotoxins depends on the fungi itself, the
type of food product, and the surrounding
environment (Milani et al., 2013). Despite the
difficulty of the final elimination of pollution,
molds, and the presence of mycotoxins, hard
work is needed to minimize the adverse effects
of these toxins by using the best way possible,
whether physical or chemical (Do & Choi,
2007).

In the presence of such fungal mycotoxins in
different imported brands of potato chips, there
is evidence that Iraqi authorities have failed to
conduct an inspection and standardization and
quality control measures. Fortunately, the con-
tamination of various brands is located within
the limits of 20 ppb, based on the rates ap-
proved by AOAC. The presence of this low
percentage could be due to the physical separa-
tion of the good potatoes from those contami-
nated before the preparation of potato chips.
This may remove 40-80% of the aflatoxin that
is considered to be the most toxic and potent
carcinogen which has been directly correlated
to adverse health effects, such as liver cancer.
Aflatoxins have acute and chronic toxicity pro-
duced mainly by Aspergillus parasiticus and
Aspergillus flavus in tropical and subtropical
regions (Milani et al., 2013).This may be due
simply to the contamination of food additives

and pepper, which is often contaminated with
Aspergillus, or because of the composition of
potato chips, consisting of a mixture of corn,
rice, flour, and potatoes, as there may be a
source of pollution or fungal toxins within the-
se components. Also, heat treatment and auto-
clave treatment do not completely remove afla-
toxin from foods (Thieu et al., 2008), despite
the fact that some studies have shown that
roasting is a good way to reduce levels of afla-
toxin in peanuts.

The significance of Aspergillus fungi in food
comes from its toxic, mutagenic, and car-
cinogenic effects. It has been ranked by the
International Agency for Research on Cancer
as one of the first-class carcinogens, and
there are studies on liver poisoning in Kenya
and India, that showed that viral hepatitis
could increase the likelihood of cancer due to
the presence of ochratoxin residues in sam-
ples of potato chips that have been studied
and produced by fungi Asperdillus and Peni-
cillium. Fortunately, the level of ochratoxin
was within the limits allowed in food (20
ppb) and not more than 5 ppb per kg of body
weight per day.

According to data provided by the European
Commission, the daily consumption of ochra-
toxin ranges from 0.02-1.9 ppb /kg body
weight /day (Christensen et al., 1977).

It is interesting to note that some types of po-
tato chips contained moderate levels of zeara-
lenonem despite that no Fusarium spp. were
isolated from the tested chips. Such results
may appear confusing, but it could be said
that Fusarium spp. are the most fungal spe-
cies present in the processing methods for
chips’ preparation, while the other species of
fungi like Aspergillus and Penicillium spp.
were present during the storage of these food
products. The presence of zearalenone resi-
dues in potato chips may be due to its high
stability against different processing meth-
ods, Different concentrations of zearalenone
were found in all tested potato chips (both in
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temperate areas like Belgium, or subtropical
areas such as Saudi Arabia), the worldwide
incidences of Fusariumgraminearum and
zearalenone produced by this fungus have
been well documented (Bahrami-Samani et
al., 2017).

As potato chips are considered as a light
snack the current study’s results were near to
the average zearalenone level of 20 ppb of
breakfast cereals, snack foods, popcorn, and
cornmeal, in the U.S.A. (warner).The hy-
pothesis stated that potato chips may be made
of a mixture of rice, wheat, corn, and other
ingredients, which may explain here the pres-
ence of zearalenone, which is frequently
found in all major cereal grains worldwide,
also, ubiquity of Fusarium spores (Nelson et
al., 1983).

F.graminearum (the producer of zearalenone)
a soil inhabiter, it is also considered as a
storage fungus, since growth and toxin pro-
duction may occur under various storage
condition. Corn and wheat are most suscepti-
ble to invasion by this fungus (Bahrami-
Samani et al., 2017).

Efforts have been made to reduce the level of
zearalenone by various chemical, physical,
and biological processing methods. In this
study, potatoes were subjected to physical
methods of heat treatment. The fate of zeara-
lenone depends on its distribution in the food
matrix and its chemical properties, such as
heat stability (Krnjaja et al., 2013).

Although all the tested residual mycotoxins
(aflatoxin, ochratoxin, and zearalenone) were
within the permissible limits of these toxins
in the food commodities intended for human
consumption, however the new legislation
indicates that products intended for human
consumption, or as an ingredient in food
must comply with a limit of 4 ppb for total
aflatoxin, ochratoxin and zearalenone.(Park
& Stoloff, 1989).

Prevention of mycotoxins formation is be-
lieved to be the best means of managing haz-
ards associated with mycotoxins contamina-
tion. In addition, an effective food safety
management program must include preven-
tion, setting regulatory limits, the establish-
ment of monitoring programs, control
through good agricultural practices, control
through processing, decontamination through
specific treatments, and consumer and pro-
ducer education (Park & Stoloff, 1989).

CONCLUSION

Based on the results, it appears that all potato
chips’ samples were contaminated with fungi
and mycotoxins, especially Penicillium spp.
and Aspergillus spp. in addition to some oth-
er fungi. The study also concluded that zeara-
lenone was the highest contaminant (13.81
ppm) among the three examined mycotoxins,
followed by aflatoxin (0.26ppm). Whereas
ochratoxin was the least contaminant
(0.16ppm) in the analyzed potato chips.
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Abstract: This research aims to study mortality rates and identify the direct causes of neonatal
deaths among newborns at Benghazi Pediatric Hospital. A descriptive case series study was con-
ducted during 2015. Data included; birth weight, gender, residency, duration of hospital stay, age of
neonates at death, and causes of death. Out of 1610 neonatal admissions reviewed, the total number
of deaths was 122 during 2015. The data focused on death certificates of neonates and showed that
the male gender was predominant (62.3 %). Most of them had a birth weight ranged between 2-2.9
Kg. Approximately 52 % of neonatal deaths in one day were of newborns <1 week old, and 54%
were full-term newborns. The most frequent direct single cause of death in neonates was prema-
turity, then neonatal sepsis and congenital heart disease respectively. The study concluded that the
most frequent causes of infant mortality related deaths were prematurity then neonatal sepsis. Fur-
thermore, future research is recommended, and the calculation of early and late neonatal mortality

rate with the availability of total live births.

Keywords: Neonate, mortality, causes.

INTRODUCTION

The neonatal period (an infant in the first 28
days after birth) is a highly vulnerable period
of life when a neonate may develop certain
serious problems which lead to death (Babaei
& Dehghan, 2018; Kumar, Mundhra, Jain, &
Jain, 2019; Weldearegawi et al., 2015). Neo-
natal mortality is highest in the first 24 hours
of life and accounts for 65% of infant mortal-
ity (Babaei & Dehghan, 2018). The neonatal
mortality rate is the number of neonates dy-
ing before reaching 28 days of age, per 1,000
live births in a given year (Babaei &
Dehghan, 2018; Kalita, Kalita, Dutta, &
Sharma, 2019). A World Health Organization
(WHO) report stated that worldwide neonatal
mortality rates decreased from 36 deaths per
1,000 live births in 1990 to 19 cases per
1,000 live births in 2015, which indicates that
the neonatal mortality rate has fallen by 45 to
47% during these years. Whereas according
to the latest statistics released by the United

Nations Children's Fund (UNICEF), 2.6 mil-
lion children died in the first month of life in
2016 — approximately 7,000 newborn deaths
every day — most of which occurred in the
first week, with about 1 million dying on the
first day and close to 1 million dying within
the next six days(Kliegman, 2016). For every
baby who dies in the first week after birth, an-
other is born dead (fetal deaths or stillbirths).
Causes and determinants of neonatal deaths
and stillbirths differ from those causing and
contributing to post-neonatal and child deaths.
Neonatal deaths and stillbirths stem from poor
maternal health, inadequate care during preg-
nancy, poor management of complications dur-
ing pregnancy and delivery, poor hygiene dur-
ing delivery and the first critical hours after
birth, and lack of newborn care. Health workers
at the primary and secondary level of care often
lack the skills to meet the needs of newborn in-
fants, since the recognition of opportunity is
only just emerging globally, and their experi-
ence in this area is therefore limited. Over the
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last two decades, infant and child survival
has remained a top global priority. 7.6 mil-
lion children die each year from preventable
causes worldwide, and of these, about 40%
die in the neonatal period (Aleshina &
Redmond, 2005; Bairoliya & Fink, 2018).
The majority of the neonatal deaths took
place in impoverished countries where the
neonatal care standard is below the desired
level. Under-five mortality is declining at a
rate of around three percent, yet the reduction
in the neonatal mortality rate (2.1% per year)
lags behind the rate of reduction among older
ages. As infant mortality is the most sensitive
indicator of population health, a high infant
mortality rate (IMR) reflects the presence of
unfavorable social, economic, and environ-
mental conditions during the first year of life
(Kumar et al., 2019; Weldearegawi et al.,
2015).

Furthermore, the neonatal outcome is an im-
portant indicator of obstetrics and health care,
as it has a significant role in providing the in-
formation needed to improve the health status
of pregnant women, and newborns (Babaei &
Dehghan, 2018). Five leading causes of in-
fant death: the United States, 2010-2017
were congenital malformations, short gesta-
tion, low birth weight, maternal complica-
tions of pregnancy, sudden infant death syn-
drome, and accidents (unintentional injuries)
(Ely & Driscoll, 2019; He, Akil, Aker,
Hwang, & Ahmad, 2015)Globally, the leading
causes of death are estimated to be preterm
birth (28%), severe infections (26%), asphyxia
(23%), and congenital anomalies (7%).

Advances in perinatal and neonatal care have
significantly reduced neonatal mortality rates
and have benefited preterm infants admitted to
neonatal intensive care units (NICU) in the last
decades. The survival and health of newborn
babies are a critical part of the push towards
lower child mortality in the Millennium Devel-
opment Goal 4 and 5. The aim of the United
Nations’ Millennium Development Goal
(MDG4 and MDG?5) is to reduce newborn mor-

tality in every country to 12 or fewer deaths per
1,000 live births, and to reduce under-five mor-
tality in every country to 25 or fewer deaths per
1,000 live births (D" The neonatal outcome is
an important indicator of obstetrics and health
care. It has a significate role in providing the
information needed to improve the health status
of pregnant women, and newborns ‘" Neona-
tal mortality rate (NMR) differs from the peri-
natal mortality rate in that it focuses only on
deaths among live births and covers an extend-
ed period after birth. Early neonatal deaths (ne-
onatal deaths in the first week of life) are more
closely associated with pregnancy-related fac-
tors and maternal health, whereas late neonatal
deaths (neonatal deaths 7-28™ day of life) are
associated more with factors in the newborn’s
environment.

Common causes of neonatal mortality

1. Prematurity: Premature infants come ear-
ly into the world, and they are born fragile,
small, and weighing less than full term in-
fants. Many of the babies who survive face
greater risks of significant health problems
and disability throughout their lives (Le.
learning disabilities, visual and hearing
problems, chronic lung disease and other
long-term diseases).

2. Neonatal infections: Neonatal infections
are a major cause of death worldwide. It is
estimated that approximately 4 million
deaths occur annually in developing coun-
tries in the neonatal period.

3. Birth Asphyxia: It is estimated that in de-
veloping countries, asphyxia causes around
seven deaths per 1000 births, whereas in
developed countries, this proportion is less
than one death per 1000 births .

4. Respiratory Distress Syndrome (RDS) or
Hyaline Membrane Disease (HMD): RDS
is one of the most common causes of neo-
natal respiratory failure. According to the
National Neonatal Perinatal Database 2003,
HMD was found to affect 1.2% of total live
births and contributed to 13.5% of total ne-
onatal deaths.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (4): 287-296, 2020

5. Congenital anomalies: Congenital mal-
formation such as congenital heart diseases
and metabolic disorders are common causes
of infant mortality.

As birth and death are the two most important
events in life, any person has legal existence
between the recorded timings of those two
events. In addition to the legal importance of
recording births and deaths, there is im-
portance relevant to vital basic data about the
population group. Any planned activity in
concern to the population, including health
care needs, such statistical information col-
lected from the registration of births and
deaths. Also, the magnitude of specific dis-
eases can be assessed using registered deaths
relevant to diseases listed in medical certifi-
cations of death. This makes the registration
of deaths of paramount importance epidemio-
logically (Kotabagi, Chaturvedi, & Banerjee,
2004). In an effort to reduce infant and child
mortality, massive investment has been made
to improve access to health-care, nutrition,
hygiene and sanitation, and promote exclu-
sive breastfeeding. As a result, world regions
have shown reductions in IMR and under-
five mortality rates. However, these
achievements are challenged by disparities
that persist among regions and within coun-
tries (Kumar et al., 2019). Therefore, this pa-
per aimed to study mortality in newborns and
identify the direct causes of neonatal deaths
to achieve the goal of reducing neonatal
deaths via policy efforts to promote infant
health and under-five children in Benghazi —
Libya.

Objectives of the study: To study mortality
and identify the direct causes of neonatal
deaths among newborn babies.

MATERIALS AND METHOD

Design, sample size, and settings of the
study: A descriptive case series hospital-
based study was conducted from registration
files in the neonatal intensive care unit and

death certificates in the statistical department
in Benghazi Pediatric Hospital.

Study duration and variables of the study:
The study was conducted during the period
between January and December 2015. Out of
1610 newborn babies admitted to neonatal in-
tensive care in Benghazi Pediatric Hospital in
the year (2015), the total number of deaths
was 122. The study’s focus was on death cer-
tificates. Variables studied include the fol-
lowing; birth weight, gender, residency, date
of hospital admission, duration of stay in the
hospital, age of neonates at death, and causes
of death.

Ethical Considerations: Verbal consent was
taken from the head of the Intensive Care
Unit and the head of the Statistical Depart-
ment at Benghazi Pediatric Hospital (Teach-
ing Hospital). Confidentiality of data was
guaranteed.

Statistical methods: Statistical analysis of
study results was performed by the applica-
tion of the statistical package social science
software version 17 (SPSS). Data was col-
lected, analyzed, and expressed as frequency
distributions and then computed in percent-
ages in tables and figures. Simple descriptive
statistical parameters such as ratio, mean,
standard deviation, minimum, and maximum
were done. For categorical variables, a chi-
square test was applied to test for association.
A P-value of less than 0.05 was considered
statistically significant in all statistical anal-
yses.
RESULTS

Out of 1610 neonatal admissions reviewed,
the total number of deaths at Benghazi Pedi-
atric Hospital was 122 (7.5%) of total neona-
tal admissions to the hospital during the year
2015. The male and female represent 62.3%
and 37.7% respectively. The male to female
ratio M:F=1.7:1.The vast majority of neona-
tal mortality cases 91.8%, were residing in
Benghazi, whereas the minority 8.2%, were
from outside Benghazi.
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The minimum birth weight of neonate mor-
tality was 0.7 mg, and the maximum was
4.7kg. Whereas the mean birth weight was
2.63 and the standard deviation of birth
weight 0.821. Neonatal mortality according
to hospital stay was classified into four cate-
gories as following: Stay at the hospital from
0-1 week (78%), more than 1week - 2 weeks
(13.1%), more than 2 weeks -3 weeks (2.6%)
and stay at the hospital more than 3 weeks
was (6.1%). Regarding the distribution of
newborn mortality according to maturity,
there were full-term case in more than half of
newborns (54.1%), (21.3%) were preterm,
and data was missing in (24.5%) of newborn
mortality cases.

Table (1): Descriptive statistic birth weight of neo-
nate mortality in the Neonatal Intensive Care Unit at
Benghazi Pediatric Hospital.

Birth weight Number %

0.7 - 0.9 mg 2 1.6
1- 1.9kg 21 17.2
2- 29kg 42 34.4
3- 39kg 32 26.2

4 kg or more 5 4.0
Missed 20 16.4

Total 102 100

ol Mean =2.63
Std. Dev. =0.821
_ N=122
1
Weight

Figure (1): Distribution of mortality among newborn
babies according to birth weight.

Table (2): Distribution of age of neonate mortality at
Benghazi Pediatric Hospital.

Characteris- Details of age No. %
tics/Parameters
One day-<lweek 63 51.6%
Death according Iweek-<2weeks 20 16.39%
to age 2weeks-<3weeks 19 15.57%
3weeks-1month 18 14.7%

Table (3): The causes of admission of newborns to
Benghazi Pediatric Hospital.

Diagnosis at admis- Frequency %
sion

Jaundice 550 34.16
Neonatal sepsis 240 14.9
Respiratory diseas- 234 14.5
es

Prematurity (Birth 263 16.3
weight < =24 Kg

)

o Convulsion 77 4.8
Admission  congenital  heart 52 3.2
Causes diseases

Multiple congeni- 38 2.4
tal anomaly

Birth asphyxia 25 1.6
Meningitis 41 2.5
Insulin  dependent 35 2.2
diabetes

Others 45 2.8
Total admissions 1610 100

The above table shows the diseases or morbid
conditions which either resulted in a direct
cause of death or contributed to death.

Table (4): Causes of death of newborns.

Causes of death Number %
Congenital heart diseases 16 13.11
Neonatal sepsis 23 18.85
Respiratory disorders* (respirato- 27 22.13
ry distress syndrome, pneumotho-

rax, aspiration pneumonia)

Prematurity 32 26.23
Multiple congenital anomaly 14 11.48
Birth asphyxia 4 3.30
Metabolic disorders 2 1.64
Renal impairment 1 0.82
Bleeding disorders 1 0.82
Necrotizing enterocolitis (NEC) 2 1.64
Total 122 100%
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Among respiratory disorders, there were
(Respiratory distress syndrome in fifteen ne-
onates, six neonates had Pneumothorax,
Brnchopneumia & Aspiration pneumonia in
five & one neonate had Muconium aspira-
tion). The other causes that contributed to
death included one case of dehydration, one
case of intestinal obstruction, two cases died
due to disseminated intravascular coagula-
tion, and two had Neuroblastoma. Multiple
causes of death and cardiopulmonary arrest
were mentioned on 37 (30%) death certifi-
cates of newborns.

Table (6): Cross-tabulation of neonatal sepsis and
congenital heart diseases’ related mortality distribu-
tion according to gender.

Gender Neonatal sepsis Total
Number of Number
effected of free
from dis-
ease
Male 18 58 76 (100%)
Female 5 41 46 (100%)
Total 23 99 122(100%)

Pearson Chi square =3.076, df=1, P value=10.079
(non-statistically significant).

Gender Congenital heart disease ~ Total
Number of Number
effected of free
from dis-
ease
Male 11 41 52(42.6%)
Female 5 65 70(57.3%)
Total 16 106 122(100%)

Pearson Chi square = 0. 327, df=1, P value =0.568
(non-significant because, p value higher than 0.05. No
statistical significant difference was observed.

None of the neonates’ mortality due to sepsis or due to
congenital heart diseases was related with gender, ei-
ther male or female.

DISSCUSSION

Out of 1610 neonatal admissions to the
Benghazi Children Hospital during 2015,
there were 122 neonatal deaths (7.5%). The
remaining 1488 (92.4%) neonates were dis-
charged after improvement. In this study, the
male gender was predominant. Nearly 52 %
occurred in the first week of life (early neo-

natal death at one day - <1 week). These re-
sults are similar to the data reported by Fituri
et al. 2014-2016, which recorded 28930
newborn babies admitted to the neonatal in-
tensive care unit. In the Tripoli medical cen-
ter, reported neonatal deaths were at 3.2%,
and the neonatal mortality rate (NMR) calcu-
lated was 10.1/1000, where 250 of the babies
died in the neonatal period, and 38 babies
died in the post-neonatal period. 65.3% of
the neonatal deaths occurred in the first week
of life, while 21.5% died in the late neonatal
period (Sherlala, Sabei, & Fituri, 2017).
Likewise, a study conducted by Minyahil
(2014) showed that most neonatal deaths oc-
cur in the 1°' week of life (Woldu et al.,
2014).

In this study, more than half of the deaths
were full-term babies (54%). Most of them
had a birth weight ranged between 2 -2.9 Kg
and 3- 3.9 Kg. A limited number of babies
were below 2.5Kg. Regarding the maturity of
newborns with neonatal deaths, a fair amount
of data was missing, nearly 25% of the sam-
ple size (not written in the medical records
whether the babies were delivered full-term
or premature). This makes an error in the
findings that affects the results. The neonatal
deaths in full-term babies with normal weight
in this study were explained based on missing
data, and these results were inconsistent with
the literature.

The present study demonstrated that the vast
majority of the neonates died in the first
week of life compared with other studies
(Bashir M. et al. 2018; Gebremedhin, Berhe,
& Gebrekirstos, 2016; Warren & Anderson,
2009)

The common causes of admission to the ICU
at Benghazi Children Hospital were Jaundice
followed by prematurity. Whereas Rakesh’s
study in 2019 revealed that neonatal jaundice,
birth asphyxia, and sepsis are the most com-
mon causes of admission (Kumar et al.,
2019). Another study conducted by Homa
and his colleagues in Kermanshah in Iran
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2014-2016 found that understanding the
causes of death in neonatal intensive care
units and the modifiable factors associated
with death could possibly reduce infant mor-
tality. It is necessary to identify the causes of
mortality in each country or country regions
in order to minimize it. The study also
demonstrated that the most common causes
of neonatal death were prematurity (gesta-
tional age below 37 weeks), and its related
complications, for example, respiratory dis-
tress syndrome and sepsis. The highest death
rate occurred in the first week of birth and
during the night shift. Also, the highest num-
ber of infant deaths was of boys, and lowest
number was of those resuscitated in the de-
livery room. Considering the high prevalence
of neonatal mortality with lower gestational
age, more care in preventing preterm deliv-
ery, as the most important cause of neonatal
mortality, can be of particular importance in
reducing neonatal mortality (Babaei &
Dehghan, 2018).

Another similar study in Misurata - Libya re-
ported that the infant mortality rate and neo-
natal mortality rate, which plays an important
role in health planning and neonatal outcome,
is a major indicator of obstetrics and health
care, where it has an important role in provid-
ing the information needed to improve the
health status of pregnant women and new-
borns (Bashir et al. 2014).

The missed data can lead to errors in the re-
sults.(Angus, Linde-Zwirble, = Clermont,
Griffin, & Clark, 2001). The study findings
indicated that the most frequent direct single
cause of death in neonates was prematurity
(26.2%), then neonatal sepsis, and congenital
heart disease (18.8% and 13.1%) respective-
ly. Also, a multiple congenital anomaly was
on (11.4 %) of death certificates and cardio-
pulmonary arrest was mentioned on 37 of the
death certificates of newborns.

Another study in Egypt in 2000 showed that
prematurity was the primary cause of death in

Egyptian neonates, while the WHO estimates
gave infections, including tetanus, as the
main cause (Campbell et al., 2004).

A retrospective study was conducted by
Dulal ef al. in Tezpur- India the finding were
a decreasing trend of neonatal mortality rates
(NMR) in Tezpur. Birth asphyxia, low birth
weight, and sepsis are the leading causes of
neonatal mortality. This neonatal mortality
can be brought down by providing adequate
antenatal care, improving maternal nutritional
status, close monitoring of fetal wellbeing in
pregnancy, the timely intervention of deliv-
ery, good neonatal resuscitation care, and
early referral of sick newborns to neonatal in-
tensive care units (Kalita et al., 2019).

While, a study in Jimma-Ethiopia also repre-
sented the major factors that affect the sur-
vival time of preterm were prenatal Asphyx-
ia, Sepsis, Hyaline membrane disease, jaun-
dice, gestational age, temperature, and respir-
atory distress syndrome for time to death of
premature infants. Furthermore, a previous
study found the same findings (Wang et al.,
2013; Wesenu, Kulkarni, & Tilahun, 2017).
A previous study reported that with advances
in diagnostic and treatment modalities as well
as government initiatives to decrease neona-
tal mortality, significant achievements have
been made. Common causes of mortality
were birth asphyxia, sepsis, and prematurity
(Kumar et al., 2019).

Furthermore, (Jain et al., 2019) performed a
study that reported that the causes of neonatal
deaths were prematurity-related complica-
tions followed by intrapartum-related events.
Birth asphyxia and sepsis accounted for most
neonatal deaths, 80% of which are preventa-
ble with simple interventions. Understanding
the cause and timing of neonatal deaths is
critical for forming public health policies tar-
geted at reduce the neonatal mortality rate
(Jain et al., 2019).

Whereas a Tripoli-Libya study recorded that
prematurity and its complications were the
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main cause of death (Sherlala et al., 2017).
Similarly, deaths due to respiratory distress
syndrome were common in preterm and male
neonates (Iyer, Naveen, Suma, Kumarguru, &
Sweta, 2018). Finally, a study in Indonesia
found that hyaline membrane disease, neona-
tal infection, and prematurity are responsible
for high morbidity and mortality rates among
neonates (Sastroasmoro, 1998). In addition,
the current study showed that the M:F ratio
was 1.7:1. However, the association between
congenital heart disease, neonatal sepsis, and
gender in deceased newborns was insignifi-
cant (No statistically significant difference
was observed). The common cause of neona-
tal admission to Benghazi Pediatric Hospital
was Jaundice, followed by respiratory disor-
ders and neonatal sepsis. These findings are
in agreement with the respiratory disorders
reported in literature, as neonatal sepsis is the
most frequent cause of admission for neona-
tal intensive care in both term and preterm
(Ezeh, 2017; Goldenberg, Culhane, lams, &
Romero, 2008; Kliegman, 2016; Moise,
2018 ; Amorim, et al, 2018).

Limitation of the study: The data collected
in this study only reflected a percentage of
Benghazi Pediatric Hospital cases and not all
cities in the country. The results may lack
generalizability due to the short period of
time at which the study was conducted. Im-
portant missing information not recorded in
medical records was significant in some vari-
ables such as mothers’ age, parity, and ma-
ternal complications. Also important data for
the neonates were missing such as birth
weight and maturity. Therefore, lack of in-
formation on the death certificates creates er-
rors. Unfortunately, with regard to the total
live births in 2015, no data was collected due
to legal issues. Consequently, the neonatal
mortality rate could not be calculated.

CONCLUSION

Based on the current study’s results, the male
gender was predominant. The vast majority

of neonatal mortalities were admitted to the
Hospital from Benghazi city. Most newborns
had a normal delivery. Few newborns were
delivered by caesarean section. There were
122 neonatal deaths, where nearly half of
them died before the first week, which is a
warning sign for health services. Most new-
borns stay in hospital from one to ten days.
Also, the current study concluded that the
most frequent causes of neonatal-related
deaths were prematurity, then neonatal sep-
sis, and congenital heart disease. Also, multi-
ple congenital anomalies were recorded on
death certificates. In addition, among multi-
ple causes of death, cardiopulmonary arrest
was mentioned on newborns’ death certifi-
cates.
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Abstract: The study aimed to evaluate the association between the time of postpartum dis-
charge and symptoms indicative of complications during the first postpartum week. The
cross-sectional study included 753 women with vaginal delivery at Al-Jamhorya teaching
public hospital without complications were interviewed before the hospital discharge and sev-
en days after. The time of postpartum discharge was classified as early (<24hours) or late
(>24hours). A total of 753 mothers were enrolled in the study. The majority (94.3%) of the
mothers stayed in the hospital <24hours, 4.1% >24hours, and 1.6 % were discharged against
medical advice. The mean duration of hospital stay was 12.1+6.1 hours, with a minimum hos-
pital stay of 2 hours and a maximum stay of 46 hours. The prenatal care was satisfactory in
91.2%. Prenatal care was satisfactory in 91% of early discharge mothers and 93.5% in the late
group. This slight difference was not statistically significant. After delivery, 8.4% had urinary
tract infections. Urinary tract infection after delivery occurred in 8.2% of mothers with early
discharge and 12.9 % in mothers with late discharge. This difference was not statistically sig-
nificant. Complications of episiotomy were recorded in 79.9% of mothers with early dis-
charge and 61.3% in late discharge. This difference was statistically significant. The study’s
conclusions indicated that late discharge mothers had received anesthesia and performed epi-
siotomy more than early discharge mothers. Complications of episiotomy were recorded more
in mothers with early discharge than in late discharged mothers. It is recommended that a ran-
domized clinical trial is best to evaluate the association between the time of discharge postpar-
tum and the presence of complications, also to attain safety and possible benefits of shorter
hospital stay.

Keywords: Early Hospital Discharge, Vaginal Delivery, Puerperal Complications

INTRODUCTION

Maternal morbidity refers to complications
that have arisen during the pregnancy, deliv-
ery, or postpartum period. Every year an es-
timated 50 million women are affected by
maternal morbidity. Defining, interpreting,
and measuring maternal morbidity, however,
is recognized to be difficult, and the preva-
lence of such morbidity (both general and

specific) has been poorly described.(Fortney
& Smith, 1999; Organization, 1998). Over
the past decade, the nature and extent of
postpartum maternal morbidity have received
increasing interest in both developed and de-
veloping countries, with a range of research
methods of varying sophistication being used
to identify long and short-term and acute and
chronic morbidity following childbirth.
(Fikree et al., 2004; M. Chama, 2000;
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Organization, 1998;  Silverton, 1993;

Waterstone et al., 2003).

The WHO (1998) defines the postpartum pe-
riod, or puerperium, as beginning one hour
after the delivery of the placenta and continu-
ing until 6 weeks (42 days) after the birth of
the infant.(Organization, 1998). As the wom-
an recovers from labour, adapts to her new
role, and reverts physically to her non-
pregnant state, it is an exceptional but critical
time for both the mother and her infant
(Cunningham F, 2001).

Many of the complications leading to post-
partum maternal morbidity arise during labor
and delivery and in the first 1-2 weeks fol-
lowing delivery; for at least 18 million wom-
en, these morbidities become long-term and
are often debilitating. Major acute obstetric
morbidities include haemorrhage, sepsis, and
pregnancy-related hypertension. Longer-term
morbidities include uterine prolapse, vesico-
vaginal fistulae, incontinence, dyspareunia,
and infertility (Koblinsky & Tinker, 1994).

Fortney & Smith have described six dimen-
sions to maternal morbidity: etiology, severi-
ty, duration, time of onset, accumulation, and
sequelae. However, in many developing
countries, health services data on postpartum
morbidity remains extremely limited. In re-
cent years, there has been growing interest to
determine the ideal time for postpartum dis-
charge for optimal maternal and child out-
comes. (Fikree et al., 2004; M. Chama, 2000;
Organization, 1998;  Silverton, 1993;
Waterstone et al., 2003). Hospital length of
stay after childbirth has decreased progres-
sively during the past 60 years. (Braveman et
al., 1996; Koblinsky & Tinker, 1994;
Madden et al., 2002). In the early 1980s in
Mexico, the Mexican Social Security Insti-
tute developed the program Atencion de Par-
to de Bajo Riesgo (Care for Low-Risk Deliv-
ery), which resulted in a six-hour reduction in
postpartum hospital stays. (Britton et al.,
1994; Yaffe et al., 2001).

For women who have uncomplicated vaginal
deliveries, the American College of Obstet-
rics and Gynecology (ACOG) defines early
discharge as a hospital stay lasting 48 hours
or less and considers a stay of 24 hours or
less as very early discharge (VED). (Hellman
et al., 1962; Lieu et al., 2000; Norr & Nacion,
1987). This study hypothesizes that shorter
postpartum stays are associated with poor
health outcomes because of the decreased
probability of detecting postpartum compli-
cations, as has been found in studies with
other populations (Norr & Nacion, 1987).

Objective: To evaluate the association be-
tween the time of postpartum discharge and
symptoms indicative of complications during
the first postpartum week.

MATERIAL AND METHODS

Study Subjects and Setting: 753 women
with vaginal delivery at Al-Jamhorya teach-
ing public hospital without complication
were interviewed before the hospital dis-
charge, and seven days after the Time of
postpartum discharge, which was classified
as early (<24 hours) or late (>24hours).

Study sample: (A convenient sample of 753
Women).

Study duration: The study was conducted
during a period of 6 months, from January
2014 to June 2014.

Inclusion criteria: a) vaginal delivery of a
live singleton term infant (gestational age 37
to 41 weeks); b) uncomplicated pregnancy
without concomitant diseases such as diabe-
tes, hypertension, preeclampsia, cardiopathy,
epilepsy, or evident infections; and c) resi-
dence in Benghazi City.

The exclusion criteria were refusal to partic-
ipate, and residing outside the city. The with-
drawal criteria were failure to locate the pa-
tient after three attempts.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Four trained interviewers evaluated medical
records to select subjects who fulfilled the
inclusion criteria and then invited eligible
mothers to participate in the study.

To collect the following baseline data, se-
lected mothers were asked to participate in a
face-to-face interview before leaving the
hospital: a) socio-demographic characteris-
tics; b) gynecologic and obstetric history; ¢)
prenatal care assessed; d) delivery events,
including vaginal lacerations; and e) clinical
characteristics of the immediate puerperium,
(considered as the 24 hours following deliv-
ery). A chart review was performed for all
cases to corroborate questionnaire data and
obtain clinical information. Information
about the time of discharge was retrieved
from medical records after discharge. Moth-
ers were invited for a medical visit seven
days after delivery, at this visit, mothers un-
derwent another face-to-face interview to ob-
tain information related to maternal postpar-
tum health. Mothers who failed to attend the
7-day follow-up appointment, would be con-
sidered as lost to follow up.

The study outcome variable was the presence
of self-reported symptoms in early puerperi-
um. This variable was measured using symp-
toms reported by the mother during an inter-
view conducted seven days after hospital dis-
charge. Symptoms were categorized as sug-
gestive of a) urinary tract infection (dysuria,
frequent urination, bladder tenesmus); b) epi-
siotomy complications (local pain or discom-
fort, bleeding, separation of sutures, c) episi-
otomy infection (purulent discharge, pain,
warmth, and redness in the area); d) endome-
tritis: (uterine pain, foul-smelling lochia, and
fever or shivering); f) mastitis and/or mam-
mary abscess (pain, heat, and redness or
cracking of nipples); and g) other reported
symptoms or hospital readmission.

Statistical analysis: Data were analyzed us-
ing a statistical package for social science
(SPSS) version 18. Descriptive statistics,

such as mean, standard deviation, median and
mode were used. Inferential statistics were
used when needed, as Chi-square(x?) to find
the difference in the distribution of the varia-
bles between the two groups, P-value was
considered significant when < 0.05. Data
were presented in tables and figures, which
were the figures done by Microsoft Excel
2003.

RESULTS
The majority of women (54%) were in the

age group between 21-30 years followed by
31-40 years old, as shown in figure 1.

60
% 54.7
50 -

40 -

24

3

40-31 >40

<20 30-21

Figure (1): Distribution of mothers according to age
(years).

Table (1): Distribution of mothers according to their
level of education.

Level of education No. %

Illiterate 14 1.9
Primary School 85 11.3
Preparatory School 399 53

Secondary School 251 333
University 4 0.5
Total 753 100

The Relationship between duration of hospi-
tal stay (hours) and type of anesthesia
X?=8.906 df=2; p=0.012 (Significant) ac-
cording to (table 2).
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Table (2): Distribution of mothers according to time
of postpartum hospital discharge and type of anesthe-
sia.

Type of Duration of hospital stay Total

anesthesia (hours)
<24 >24
No. % No. % No. %
Local 485 684 29 93.5 514 694
Not given 224 31.5 2 6.5 226 305
Epidural 1 0.1 0 0 1 0.1
Total 710 100 31 100 741 100

The relationship between the time of postpar-
tum hospital discharge and prenatal care:
(Prenatal care was satisfactory in 91.2%,
where only 8.8% of the cases were unsatis-
factory). Prenatal care was satisfactory in
91% of early discharge and 93.5% in the late
group: e. X?=0.240 df=1; p=0.624, and this
slight difference was not statistically signifi-
cant (Not Significant). The relationship be-
tween time of postpartum hospital discharge
and vaginal laceration: p= 0.174 (Not signifi-
cant) according to information as shown in
(table 3).

Table (3): Distribution of mothers according to com-
plications.

80 5 792
70 7

60 -

40
30

20
11.6 9.2

Not known

10 - :

No complication Yes

Figure (2): Distribution of mothers according to
complications of episiotomy.

From this study, it was observed that pain
and infection were recorded in mothers with
late discharge more than early discharge. The
pain constituted 62.5% in the late group, as
shown in (table 4), and 45.9% in the early
group. The infection was recorded in 25% of
the late group and only 8.1 % of the early
group, as observed in (table 4).

Table (4): Relationship of mothers according to time
of postpartum hospital discharge and type of compli-
cations of episiotomy.

Complications Details No. Percent%
Vaginal laceration IS\{IES éig 51;222
Urinary tract infec- Yes 63 8.4%
tion (after delivery) No 620  82.3%
Not known 70 9.3%
History of Thrombo- Yes 6 0.8%
embolic  complica- No 675  89.6%

tion( after delivery) Not known 72 9.6

After delivery, 8.4% had urinary tract infec-
tions. Urinary tract infection after delivery
has occurred in 8.2% of mothers with early
discharge and 12.9 % in mothers with late
discharge, this difference was not statistically
significant. Late discharge mothers had re-
ceived anesthesia and performed episiotomy
more than early discharge mothers. A com-
plication of episiotomy was recorded more in
mothers with late discharge than in early dis-
charged mothers as shown in (figure 2).

Types of epi- No. Total
siotomy <24 >24

complications No. % No. % No. %
Pain 34 459 5 62.5 39 476

Pain & red- 25 338 1 125 26  31.7
ness

Infection 6 8.1 2 25 8 9.8
Separation of 6 81 0 0 6 7.3
suture

Redness in 3 4.1 0 0 3 3.6
the area

Total 74 100 8 100 82 100

X’=7.236 df=2; p= 0.027 (Significant).

Complications of episiotomy were recorded
in 79.9% of mothers with early discharge and
61.3% in late discharge. This difference was
statistically significant. Relationship between
time of postpartum hospital discharge and
mastitis after delivery: X’=1.468 df=2;
p=0.480. (Not significant) according to the
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information from (figure 3).

i3 9.8%

= Yes
= No

Not known

80.9%

Figure (3): Distribution of mothers according to the
history of mastitis after delivery.

Furthermore, in the following table, we
demonstrate the difference in early and late
discharge according to many variables with
mean and standard deviation all of which are
recorded in table 5.

Table (5): Characteristics describing mothers studied
according to time of postpartum hospital discharge,
Al-Jamhorya Hospital, Benghazi.

) Early discharge  Late discharge
Variable (24hrs)n(%)  (>24hrs) n(%)
Duration of hospital Mean+St.Dev. Mean+£St.Dev.
stay 11.4+£5.2 27+4.5
Obstetric history
Satisfactory 646(91) 29(93.5)
Unsatisfactory 64(9) 2(6.5)

Status of the patient at

the time of admission 97(13.7) 3(9.7)

Second stage 189(26.6) 8(25.8)

Ruptured membranes

Procedures

Labour induction 189(26.6) 8(25.8)

Application of enema  0(0) 0 (0)

Episiotomy 406(57.2) 27(87.1)

Bladder catheter at the

time of delivery 412(58) 21(67.7)

Yes

Type of anesthesia

None 224(31.5) 2(6.50

Local 485(68.4) 28(93.5)

Epidural 1(0.1) 0(0)
DISCUSSIONS

A total of 753 mothers were enrolled in the
study. The majority (94.3%) of the mothers

stayed in the hospital <24hour, 4.1%
>24hours, and 1.6 % were discharged against
medical advice.

The mean duration of hospital stay was
12.1+6.1 hours, with a minimum hospital
stay of two hours and a maximum stay of
46hours. Another study conducted by
Dolores RV in Mexico 2009 recorded that
68.6% had early postpartum discharge, with a
mean hospital stay of 21.5+ 8.Shours. The
study also showed that although there was no
association between early discharge and the
severity of complications during early puer-
perium for all mothers, the presence of symp-
toms decreased among women who received
indications to have a medical checkup one
week later. Symptoms also decreased among
women with early discharge and satisfactory
prenatal care, compared with those with early
discharge and unsatisfactory prenatal care,
suggesting a positive effect of adequate pre-
natal care even with an early discharge. This
correlation deserves further study to better
understand its importance. Consequently, the
researchers concluded that there was no asso-
ciation between early discharge and symp-
toms of complications during the first post-
partum week; the odds of complications were
lower for mothers with early discharge and
satisfactory ~ prenatal  care  (Ramirez-
Villalobos et al., 2009).

The results of the current study showed that
prenatal care was satisfactory in 91.2%. Pre-
natal care was satisfactory in 91% of early
discharge and 93.5% in the late group and
this slight difference was not statistically sig-
nificant p=0.624, and the mean age of moth-
ers was 29.4+ 5.8years, with a minimum age
of 15years and a maximum of 43years. A ma-
jority (91.9%) was in the age group between
2lyears to 40years. Furthermore, the age of
mothers with an early discharge was similar
to those with a late discharge, and there was
no statistical difference between the two
groups p=0.838. This result was similar to
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other studies.
2009)

(Ramirez-Villalobos et al.,

In this study, the complications of episiotomy
were recorded in 11.6% of the patients. The
complication of episiotomy was recorded in
79.9% of mothers with early discharge and
61.3% in late discharge. This difference was
statistically significant p= 0.027.

Furthermore, readmission to the hospital after
delivery was recorded in 4 mothers (0.5%),
and all of them were in the early discharge
group. In other studies, no significant differ-
ences were found in the rates of maternal re-
hospitalization (1.9% in the early discharge
group vs. 2.3% in the control group) (Bueno
et al., 2005).

In this study, an episiotomy was done in
57.2% of early discharge cases and 87.1% in
those with a late discharge. This difference
was statistically significant p = 0.001. A
bladder catheter was done during labour to
58% of mothers with early discharge and
67.7% in late discharge. This difference was
not statistically different (p = 0.283).

Whereas, a case-control study in India 2015
reported that: the younger mothers who had
first time accessed antenatal services and
who had less than three ANC visits during
the antenatal period, and mothers delivering
in government hospitals in addition to not
having any complications during delivery,
and those who requested early discharge, and
were discharged within 48h of delivery, were
more likely to have discharged early from
hospitals, in addition to lack of insistence by
doctors against early discharge.

The normal condition of mothers, babies, and
multiparous mothers were the main reasons
for early discharge as perceived by the health
care providers. It is important to design ap-
propriate strategies to ensure timely dis-
charge, and they should have local level ac-
ceptance. (Nipte et al., 2015)

The current study’s findings demonstrated
that 8.4% of mothers after delivery had uri-
nary tract infections. Urinary tract infection
after delivery has occurred in 8.2% of moth-
ers with early discharge and 12.9 % in moth-
ers with late discharge. This difference was
not statistically significant, p=0.483, this re-
sult was similar to the result of other studies
(Ramirez-Villalobos et al., 2009). The com-
plication of episiotomy was recorded in
11.6% of the patients. A complication of epi-
siotomy was recorded in 79.9% of mothers
with early discharge and 61.3% in late dis-
charge, this difference was statistically sig-
nificant p= 0.027.

Pain at the episiotomy site was recorded in
46% of the mothers, pain, and redness in
32.2%, infection in 10.3%, separation of the
suture in 8%, and redness in 3.5%. Pain and
infection were recorded in mothers with late
discharge more than early discharge. The
pain constituted 62.5% in the late group, and
45.5% in the early group. The infection was
recorded in 25% of the late group and only
9.1 % of the early group.

History of mastitis was positive in 9.8% of
the patients. Mastitis after delivery was rec-
orded in 9.7% of mothers with early dis-
charge and 16.1% in mothers with late dis-
charge. This difference was not statistically
significant p= 0.480.

History of thromboembolic complication af-
ter delivery was positive in six mothers
(0.8%), and all of them were in the early dis-
charge group. The causes of early discharge
of mothers from hospital after delivery could
be explained by various reasons such as dis-
satisfaction about hospital accommodation or
care, need to take care of other children at
home, feeling more comfortable at home, and
no beds in the hospital. The results of the In-
dian study of early discharge among mothers
who delivered in government hospitals, are
similar when compared to observations in
some studies from overseas. This probably
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results from a high caseload and lack of ade-
quate space for hospitalization in the wards.
Even though the national guidelines recom-
mend retention of mothers after delivery in
the hospitals for 48 h or more, bed availabil-
ity can become an issue in the case of busy
health facilities. Hence, infrastructural ex-
pansion in terms of providing more beds, and
making the hospital stay more comfortable at
primary health care levels, becomes critical.
The absence of maternal complications is as-
sociated with early discharge, and women
with complications are retained in hospitals
for longer periods (Nipte et al., 2015).

Similar findings were reported in studies
from New Delhi, India, and the United
States. Relatives, family members, and moth-
ers who had no complications during delivery
need to be motivated to agree to stay in the
hospitals after delivery for a minimum of 48
h to ensure an uneventful postpartum period.
Additionally, the issue of early discharge is
also decided by other socio-cultural factors.
Elderly females in the family or close rela-
tives or spouses of mothers need to be edu-
cated on delivery-related complications and
the need for a 48 h hospital stay after the de-
livery. Various other reasons for seeking ear-
ly discharge from hospitals may be: dissatis-
faction about hospital accommodation or
care, need to take care of other children at
home, feeling more comfortable at home, re-
ducing out of pocket expenditure due to
longer hospitalization, perception of getting
to know the baby better at home, preventing
disturbance due to hospital routines, and de-
sire to be close to the family. These reasons
can be addressed through improving the hos-
pital environment and allowing better and
easy contact between the mothers and their
families (Nipte et al., 2015).

It is important to emphasize that the medical
risks to mothers and babies excessively out-
weigh the perceived benefits of early dis-
charge, and Information Education Commu-

nication (IEC) strategies need to focus on
this. The mothers’ level of education, in-
come, parity, gestational age, and birth
weight of babies, were not observed to be as-
sociated with early discharge. Similar obser-
vations concerning gestational age, infant
birth weight, and parity were made in a study
from the United States of America. 24 How-
ever, some other studies have reported con-
tradictory observations (Nipte et al., 2015).

A systematic literature review similar to our
study entitled vaginal delivery: how does ear-
ly hospital discharge affect mother and child
outcomes? Conducted by (Benahmed et al.,
2017) concluded that the currently available
literature provides little scientific evidence to
guide postpartum discharge policy planning.
The evidence-based randomized control trials
(RCTs) are old, with the most recent trial
published 10 years ago, and the quality of
evidence of these trials is poor. The more re-
cent evidence is based only on two very poor
quality non-randomized studies (Benahmed
etal., 2017)

Moreover, the concept of the early discharge
itself is very variable across studies, leading
to health outcomes being measured at varia-
ble times after delivery.

Despite these limitations, early discharge
seems to be safe for both mother and new-
born. Breastfeeding did not seem to be af-
fected. Because of the lack of robust clinical
evidence and full economic evaluations, the
current data neither support nor discourage
the widespread use of early postpartum dis-
charge. Before implementing an early dis-
charge policy, Western countries with longer
lengths of hospital stays, such as France and
Belgium, may benefit from testing shorter
lengths of stay in studies with an appropriate
design (e.g. randomized) (Benahmed et al.,
2017; Brown et al., 2002).

In our study, the mothers who fail to attend
the 7-day follow-up appointment, were con-
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sidered as lost to follow up. Whereas the
México study recorded missed women as lost
due to change of residence, failure to locate
the place of residence after three attempts, or
incorrect address. No significant differences
were found between women who completed
the study and those who were lost to follow-
up, regarding the length of hospital stay, age,
and the number of live-born children
(Ramirez-Villalobos et al., 2009).

In another study in Sweden (Intrapartum and
postpartum care in Sweden: women's opin-
ions and risk factors for not being satisfied).
The researchers found the following risk fac-
tors for not being satisfied were: age<25
years (intrapartum care only) elementary
school (intrapartum and postpartum care),
lack of support from a partner (intrapartum
care); suffering from many physical symp-
toms (intrapartum and postpartum care); lack
of support by a midwife (intrapartum care,
only), dissatisfaction with the birth environ-
ment (intrapartum care only), insufficient
time for breastfeeding support, encourage-
ment and personal questions in postpartum
care (Waldenstrom et al., 2006).

CONCLUSIONS

Late discharge mothers had received anesthe-
sia and performed an episiotomy more than
early discharge mothers. A complication of
episiotomy was recorded more in mothers
with early discharge than in late discharged
mothers. History of thromboembolic compli-
cation after delivery and readmission to hos-
pital after delivery was recorded only in
mothers with an early discharge. A qualita-
tive study for understanding the socio-
cultural grounding for early discharge is
needed. Early discharge should be decided by
senior physicians.
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Abstract: Since the COVID-19 pandemic was announced, the concern of radiologists and
physicians regarding its diagnosis has been profoundly raised. The primary reference for con-
firming COVID-19 pneumonia relies on reverse transcriptase-polymerase chain reaction (RT-
PCR) testing, where the subject of availability, false negative-rates, practice dependency, and
time-consumption, made computed tomography (CT) more superior in Covid-19 pneumonia
diagnosis, which was the situation in Al-Bayda-city\Libya. The first local case in Al-Bayda-
city was reported on 30 July 2020, followed by a dramatic surge in the number of cas-
es, which necessitated the recognition of main clinical features and CT-patterns of COVID-19
to facilitate rapid diagnosis. The aim of study: Describe the clinical features and the CT-chest
patterns of COVID-19 pneumonia among the studied population. A descriptive case series
study was conducted in the central hospital of Al-Bayda city /Libya from 11 August to 21
September 2020, which involved 56 patients (31 females and 25 males). Patients’ ages ranged
from 28-88 years (62.79+ 11.3). Non-contrast CT-chest was performed on all patients. The
main patients’ complaints were fever 94.6%, dyspnea 89.3%, and cough 85.7%. The most
common CT pattern among the studied cases was ground-glass opacities found in 100% of
patients, followed by vascular thickening 88%, consolidative lesion 71.4%, crazy-paving pat-
tern 57%, vacuolar sign 57.1%, architecture distortion 40%, halo sign 34%, reverse halo sign
34.5%, and traction-bronchiectasis 16% of the studied cases. Finally, recognition of CT-
chest patterns of Covid-19 pneumonia plays a significant role in early detection, and therefore
isolation and management of the disease. The findings of this study can be used as a baseline
for further research in the future.

Keywords: Covid19 Pneumonia; Covid-19; Covid-19 Libya; Chest CT; Ground-Glass Opaci-
ty (GOO).

INTRODUCTION

COVID-19 is an emerging global health
problem caused by a novel coronavirus
named severe acute respiratory syndrome
coronavirus 2 (SARS-Cov-2). It is the sev-
enth known coronavirus to infect humans,
first noticed in December 2019 Wu-
han\China. The World Health Organization
(WHO) declared COVID-19 to be pandemic
in March 2020. (Zheng 2020; Kim et al.

2020; Bernheim et al. 2020). As of 17" No-
vember 2020, a total of 54,771,888 cases of
COVID-19 have been confirmed, including
1,324,249 deaths (WHO, 2020a). Since diag-
nosing the first documented local transmis-
sion case of COVID-19 in Al Bayda
city\Libya on 30th July 2020, the radiology
department was overwhelmed by patients
with typical COVID-19 symptoms with pecu-
liar patterns in computerized tomography
(CT) scans of the chest with an increased
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death toll for cases with chest infections
mainly due to viral pneumonia (Ibrahim,
2020). The clinical symptoms of COVID-19
range from asymptomatic to mild (low-
grade\high fever, fatigue, dry cough, nasal
congestion, diarrhea, and slight weakness
with or without pneumonia), rarely a runny
nose; to a severe form, characterized by
dyspnea and/or hypoxemia that can quickly
progress to respiratory distress, septic shock,
uncorrectable metabolic acidosis, and coagu-
lation disorders (Carotti et al.2020). The
standard of reference for confirming COVID-
19 pneumonia relies on reverse transcriptase
polymerase chain reaction (RT-PCR) tests.
However, availability of (RT-PCR) in an
emergency setting, a high rate of false-
negatives, low sensitivity (only 30-60%), re-
liance on viral loads, time of sampling, and
time consumption, made CT chest comple-
mentary and even superior in diagnosing
COVID-19 in asymptomatic patients and
symptomatic patients with an average of 5
days before an (RT-PCR) test becomes posi-
tive. In addition, some literature emphasizes
the pivotal role of CT in the diagnosis of
Covid-19 with 98% sensitivity (Hani et al
.2020; Carotti et al. 2020, Fang et al. 2020).
Furthermore, some studies have recommend-
ed the usage of chest CT scans as a primary
screening or diagnostic tool in epidemic areas
(At et al. 2020).

Chest CT has high precision and can be used
as a standard technique for COVID-19 diag-
nosis. The usage of chest CT for the diagno-
sis of viral pneumonia enables patients with
suspected infection of COVID-19 to be iso-
lated and managed in time for improvement,
and therefore, optimize patient management
(Li & Xia 2020). The most common feature
of covid-19 is bilateral ground-glass opacities
(GGO), typically with a peripheral and sub-
pleural distribution, consolidation, crazy-
paving pattern, vascular thickening, traction
bronchiectasis, and reticular pattern (Zheng
et al 2020; Bernheim et al 2020; Sabri et al
2020).

According to WHO guideline (2020b) "For
symptomatic patients with suspected COVID-
19, using chest imaging for the diagnostic
workup of COVID-19 when: (1) RT-PCR
testing is not available; (2) RT-PCR testing is
available, but results are delayed; and (3) ini-
tial RT-PCR testing is negative, but with high
clinical suspicion of COVID-19" which is the
situation in Al-Bayda city, RT-PCR is not
available. Therefore, CT is used in the diag-
nostic workup.

This paper aims to describe the common CT
patterns of covid-19 in Albayda as there is a
growing need for local radiologists and phy-
sicians to be familiar with the covid-19 fea-
tures in CT. In addition, comparing the result
of this research with other regional and inter-
national findings.

MATERIAL AND METHODS

This descriptive case series study was con-
ducted from 11" August 2020 to 21* Sep-
tember 2020. The ethical approval form to
conduct the study was obtained from the ra-
diology department at the central hospital Al
Bayda city. The number of participants re-
viewed was 56. Patients who met the inclu-
sion criteria based on the WHO criteria for
covid-19 diagnosis by CT were included
(WHO 2020b). The scans were performed us-
ing an FCT Speedia HD Fujifilm 64-MDCT
scanner. The scout was taken in the supine
position during holding of breath in full in-
spiration. The following parameters were
used; 120 kV, Smm beam collimation, 1.58
pitch, 0 gantry tilt, and the FOV (347-500)
depending on the patient’s size. The scans
covered the whole thorax from the root of the
neck to below the diaphragm. No intravenous
contrast had been administered. Following
acquisition, the images were reported by two
radiologists.

Data regarding symptoms were collected ei-
ther directly from patients or medical records
during the scan. Data was filled manually in
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special paper forms; then entered into the
computer system and analyzed using the Sta-
tistical Package of Social Science Software
program, version 24 (IBM Corp).

RESULTS

This is a descriptive case series study that in-
volved 56 patients, 31 (55.4%) females, and
25 (44.6%) males. Their ages range from 28-
88 years (62.79+ 11.3). 31(55.4%) were in-
patient, while 25(44.6%) were out-patient.

The mean duration of symptoms was 8.6+19
days. The most common symptoms among
the studied patients were fever, dyspnea and
cough, with 94.6%, 89.3%, and 85.7% re-
spectively. While headaches happened in
two-thirds of them, and only 10% of com-
plaints were vomiting and diarrhea (Table-1).

Table-(1): The percentage of symptoms among the
studied population

Symptoms Numtlzeerrl t(;f pa- Percentage
Fever 53 94.6
Dyspnea 50 89.3
Cough 48 85.7
Headache 32 57.1
Sweating 30 53.3
Sore throat 25 44.6
Vomiting & Diar- 10 17.9

rhea

Table(2): The percentages of comorbidities among
the studied patient.

Comorbidity Number of Percentage
Patients

No chronic 11 19.6
illness

Diabetes 39 69.9

Hypertension 30 53.6

Heart Disease 13 233

Others 2 7.1

The CT pattern of the studied cases: Regard-
ing lobe involvements, all lobes were in-
volved in 76.8% (43\56) of participants,
while 10% (6\56) of patients showed the in-
volvement of all lobes with sparing of lingula
segment. In addition, in 98.2% (55\56) both
lungs were affected.

In regard to the pattern of lung lesions among
the studied patients, ground-glass opacities
were found in 100% (56\56) of patients, fol-
lowed by vascular thickening detected in al-
most 88% (49\56). While Crazy paving pat-
tern was found in more than half (57%) of the
studied population. Consolidative lesions ap-
peared in the majority of studied cases
71.4%. Vacuolar sign, halo sign, and reverse
halo sign found in 57.1% (32\56), 34%
(19\56), and 34.5% (19\56) of studied pa-
tients respectively (Table-3).

Table (3): The percentages of the different patterns of
lung lesions among studied population

The majority of patients (80%) had different
comorbidities. 69.6% were diabetic, and
53.6% were hypertensive. Interestingly, near-
ly a quarter were both diabetic and hyperten-
sive, which is the same fraction for those who
were diagnosed with triple diseases (diabetes,
hypertension, and heart disease). 20% of pa-
tients had no chronic illness (Table-2).

CT-pattern N;:tlil;irt:f Percentage (%)
Ground-glass
opacity 56 100
Vascular thicken-
ing 49 87.5
Consolidation 40 71.4
Crazy paving 32 57.1
Vacuolar sign 32 57.1
Halo sign 19 34
Revers halo sign 19 34
Architecture dis-
tortion 19 34
Tractional-
9 16

bronchiectasis
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The percentages of architecture distortion and examples of common CT patterns are shown
tractional-bronchiectasis were found in 40% in (figures: 1, 2, and 3).
(19\56), and 16% (9\56) respectively. Some

Figure (1): Axial CT chest; (A) showing Ground-glass opacity (white arrow), air Broncho-gram (black arrow),
consolidation (black star); (B) diffuse areas of ground-glass opacity (white arrow).

Figure (3): Axial CT chest; (A) Revers halo sign (white arrow); (B) Revers halo sign (black arrow), vascular
thickening (white arrow); (C) ground-glass opacity (white arrow), Rt subpleural opacity with vacuoles (black ar-
TOWS)

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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DISCUSSION

This is a descriptive, case series study that
has been carried out on 56 patients, 31
(55.4%) females and 25 (44.6%) males. Their
ages range from 28-88 years (62.79+ 11.3).
31 (55.4%) were in-patient, while 23(41.1%)
were out-patient. Non-contrast chest CT was
performed for all patients. In this study, clin-
ical manifestations and chest-CT findings of
patients were studied. Most clinical presenta-
tions were similar to other studies (Mohamed
et al., 2020; Heshui et al., 2020). The current
study’s results were fever 94.6%, dyspnea
89.3%, and cough 85.7%. Two-thirds of pa-
tients complained of headaches, and about
45% declared a sore throat. Other symptoms,
including nausea and vomiting, occurred only
in 10% of the studied population.

In the present study, about 80% of patients
had a comorbid disease, where diabetes was
the more frequent comorbidity 69.6%, 53.6%
were hypertensive, and approximately a quar-
ter of the studied population had a triple dis-
ease (diabetes, hypertensive, and heart dis-
ease). Only 20% of patients had no chronic
disease. This result is similar to a study by
(Mohamed et al., 2020), where the most fre-
quent comorbidity was diabetes, followed by
hypertension. Heshui et al., (2020) concluded
that; the risk factors for COVID-19 were old
age and comorbid diseases such as diabetes,
chronic pulmonary disease, and other chronic
illness.

Non-contrast chest-CT plays an important
role in the diagnosis of suspected cases of
COVID-19 infection. Some studies revealed
that the sensitivity of chest CT in diagnosing
COVID-19 was 98% (Hani et al., 2020; Ca-
rotti et al., 2020; pan et al., 2020). In addi-
tion, some literature has advised chest CT
scan as an initial diagnostic investigation in
epidemic areas (Ai et al., 2020; Xie et al.,
2020; Heshui et al., 2020). The early control
of a possible spread of the disease can be
achieved by quick diagnosis, with the use of

chest CT for the diagnosis of viral pneumo-
nia, and thus the timely isolation and treat-
ment of suspected cases (Li and Xia 2020). A
study by Li and Xia (2020) demonstrated that
chest CT had a low rate of missed cases of
COVID-19 (3.9%), and therefore can be used
as a standard technique for COVID-19 diag-
nosis. Even though CT features of COVID-19
are non-specific, the presence of these find-
ings in patients with no symptoms or patients
with mild respiratory symptoms is alarming
in the setting of a pandemic, especially if
there is no superior alternative for diagnosis
(Rubin et al., 2020).

The common findings observed on chest-CT
imaging of patients with COVID-19 were:
ground-glass opacity GGO, consolidation,
vascular enlargement, interlobular septal
thickening, air bronchogram, and air trap-
ping. These patterns are similar to CT pat-
terns of Severe Acute Respiratory Syndrome
(SARS) and Middle East Respiratory Syn-
drome (MERS) and caused by interstitial and
alveolar pulmonary edema and injury (Li and
Xia 2020).

In the current study, ground-glass opacities
were present in all studied patients 100%,
vascular thickening noted in 88%, consolida-
tion was found in 71.4% of the studied popu-
lation. Interestingly, crazy paving patterns
and vascular signs were found in an almost
equal percentage of studied cases, 57%, and
57.1% respectively. The study of (Li and Xia
2020) had shown CT findings of COVID-19
that are different from CT findings of SARS
and MERS which are reversed halo signs and
halo signs. In this study reverse halo signs
were observed in 34.5% and halo sign were
found in 34% of studied patients.

In previous studies, multifocal involvement
was more frequent than uni-focal involve-
ment (Li and Xia 2020; Heshui et al., 2020).
In the current study, bilateral affection was
found in 98.2%, while in 76.8% of patients,
all lobes involvement was noted.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The results of this study suggest that the per-
centage of female patients is greater than
male patients and patients with comorbidity
are more likely to develop symptoms. Clini-
cal presentation and chest CT manifestation
are similar to those mentioned in the litera-
ture.

For positive COVID-19 patients, imaging
sets up baseline pulmonary conditions and
assists recognize primary cardiopulmonary
pathologies that can help in determining the
degree of risk for clinical deterioration (Ru-
bin et al., 2020). Imaging is recommended to
evaluate the progression of COVID-19 or
secondary cardiopulmonary pathologies such
as heart failure or pulmonary embolism that
could be due to myocardial injury secondary
to COVID-19 (Rubin et al., 2020). CT-chest
may potentially have new roles by launching
the response of treatments or differentiate pa-
tients who are more likely to respond to new
forms of treatment (Rubin et al., 2020).

In the current study, there are several limita-
tions. Firstly, the study had a relatively small
number of patients (56 patients), all studied
participants were symptomatic, and all of
them were adults, and no children were in-
volved. Further studies are required involving
a larger number of patients, an asymptomatic
population, and all age groups.

Secondly, the study only analysed the clinical
manifestation and chest CT findings at first
presentation, follow-up images are recom-
mended in further researches to study disease
progression and recovery signs. Finally, due
to the unavailability of (RT-PCR), it is not
included in this study, and WHO guidelines
regarding diagnosis in the absence of (RT-
PCR) are followed.

CONCLUSION

Covid-19 is an emerging global health prob-
lem; rapid diagnosis is an important issue for
tackling the spread of the disease. CT chest
along with symptoms play an important role

in Covid-19 diagnosis in the event of RT-
CRP unavailability. This case serial study de-
scribes the common symptoms and CT- pat-
tern among 56 patients in Al-Bayda
city\Libya, the findings are similar to some
regional and international findings. This pa-
per might help raise awareness among local
physicians and radiologists, and possibly be
used as a baseline for future related research.

ABBREVIATIONS

CT: Computerized Tomography.

COVID-19: Coronavirus Disease-2019.
GGO: Ground-Glass Opacities

MERS: Middle East Respiratory Syndrome.
RT-PCR: Reverse Transcriptase Polymerase
Chain Reaction.

SARS-Cov-2: Severe Acute Respiratory Syn-
drome Coronavirus.

WHO: World Health Organization
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Abstract: The normal mode analysis method was used to study the effect of both the initial stress
and the magnetic field on a thermally elastic body. This method is used to obtain the exact expres-
sions for the considered variables. Some particular cases are also discussed in the context of the
problem. The generalized thermal elasticity equations were reviewed under the influence of the
basic initial stress and the magnetic field using the theory (Green-Naghdi) of the second and third
types (the second type with no energy dispersion and the third type with energy dispersion). The
different physical quantities were illustrated in the presence and absence of both the initial stress
and the magnetic field. The results of this research show the extent of difference between the se-
cond and third types of Green and Naghdi's theory. All results and figures were obtained using

(MATLAB R2013a) program.

Keywords: Generalized Thermo-Elasticity; Magnetic Field; Initial Stress; Normal Mode

Analysis; Green and Naghdi Theory.

INTRODUCTION

The generalized theory of thermoelasticity is
one of the modified versions of the classical
uncoupled and coupled theory of thermoelas-
ticity and has been developed in order to re-
move the paradox of physical impossible
phenomena of the infinite velocity of thermal
signals in the classical coupled thermoelastic-
ity. (Hetnarski & Ignaczak, 1999) examined
five generalizations of the coupled theory of
thermoelasticity. The first generalization was
proposed by (Lord & Shulman, 1967), which
involves one relaxation time for a thermoe-
lastic process. The second generalization is
due to (Green & Lindsay, 1972) which takes
into account two relaxation times. The third
generalization of the coupled theory of ther-
moelasticity was introduced by (Green &
Naghdi, 1993), who developed different theo-
ries labeled type I, type II, and type III. The
(G-N 1) theory in the linearized theory is
equivalent to the classical coupled thermoe-

lasticity theory. The (G-N II) theory does not
admit energy dissipation, while the third (G-
N III) theory admits dissipation of energy.
The heat flux is a combination of type I and
type II. Both type II and type III theories im-
ply a finite speed of propagation for heat
waves. (Bargmann & Steinmann, 2006) in-
vestigated the (G-N) approach for modeling
the phenomenon of second sound.(Othman &
Atwa, 2011; Othman & Atwa, 2012; Othman et
al., 2013b; Othman & Kumar, 2009), has dis-
cussed different problems for various materi-
als with different effects using the (G-N) the-
ory. The fourth generalization of the coupled
theory of thermoelasticity was developed by
(Chandrasekharaiah, 1998; Tzou, 1995).

Initial stress in solids has a significant influ-
ence on the mechanical response of the mate-
rial from an initially stressed configuration
and has applications in geophysics, engineer-
ing structures, and the behavior of soft bio-
logical tissues. Initial stress arises from pro-
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cesses, such as manufacturing or growth, and
is present in the absence of applied loads.
(Montanaro, 1999) formulated the isotropic
thermoelasticity with hydrostatic initial
stress. (Ailawalia et al., 2009; Othman &
Song, 2007; Singh, 2008; Singh et al., 2006),
and many others have applied (Montanaro,
1999) theory to study the plane harmonic
waves in the context of generalized thermoe-
lasticity. (Othman & Atwa, 2012) investigate
the effect of initial stress under the Green-
Naghdi (G-N) theory for different cases in
thermoelasticity. (Ailawalia & Narah, 2009)
studied the effect of hydrostatic initial stress
and rotation in a generalized thermoelastic
medium. (Othman & Edeeb, 2016) studied
the Effect of Initial Stress on Generalized
Magneto-thermoelasticity Medium with Voids:
A Comparison of Different Theories. (Abd-
Elaziz et al., 2019) studied the On the Effect
of Thomson and Initial Stress in a Thermo-
Porous Elastic Solid under G-N Electromagnet-
ic Theory.

The theory of magneto-thermoelasticity is
concerned with the interacting effects of the
applied magnetic field on the elastic and
thermoelastic deformations of a solid body.
This theory has aroused much interest in
many industrial appliances, particularly in
nuclear devices where there exists a primary
magnetic field; various investigations are to
be carried out by considering the interaction
between magnetic, thermal, and strain fields.
Analyses of such problems also influence
various applications in biomedical engineer-
ing as well as in different geomagnetic stud-
ies. The development of the interaction of
electromagnetic field, the thermal field, and
the elastic field is available in many works
such as (Abd-Alla et al., 2003; Choudhuri &
Debnath, 1985; Othman & Song, 2006; Paria,
1966; Sherief & Helmy, 2002) studied the
effect of rotation on the reflection of magne-
to-thermoelastic waves under thermoelastici-
ty without energy dissipation with the (G-N)
theory of type II. (Othman & Kumar, 2009)
studied the reflection of magneto-

thermoelastic waves with temperature-
dependent properties in the context of gener-
alized thermoelasticity with (G-N) theory of
type II, i.e. without energy dissipation, and
other models of thermoelasticity. (Othman &
Atwa, 2011) studied the effect of the magnet-
ic field on the two-dimensional problem of
generalized thermoelasticity without energy
dissipation. (Othman et al., 2013a) studied
the generalized magneto-thermo-microstretch
elastic solid under a gravitational field with
energy dissipation. Recently (Othman et al.,
2013b) studied the effect of magnetic field
and rotation on generalized thermo-
microstretch elastic solid for a mode-I crack
using (G-N) theory. (Atwa, 2014) studied the
generalized magneto-thermoelasticity with two
temperatures and initial stress under Green—
Naghdi theory. (Abo-Dahab et al., 2017) stud-
ied A Two-Dimensional Problem with Rotation
and Magnetic Field in the Context of Four
Thermoelastic Theories, the normal-mode
analysis method was applied to obtain the
exact solutions for the physical problem.

FORMULATION OF THE PROBLEM
AND BASIC EQUATIONS

Consider an isotropic, homogeneous, linear,
thermally, and electrically conducting ther-
moelastic half-space (x >0, —0<y <o) .
The rectangular Cartesian coordinate sys-
tem (x,y,z), having originated on the sur-
facez =0, for the two dimensional problem
assume the dynamic displacement vector
as u =(u,v,0) . The surface (x =0) of the
half-space 1s taken to be traction-free and
subjected to mechanical and thermal loads.
All the considered functions are assumed to
be bounded asx — .. The whole body is at a
constant temperature7’, .. Consider also that

the orientation of the primary magnetic field
H =(0,0,H)1s towards the positive direction
of z—axis. Due to the application of this
magnetic field, an induced magnetic field /

and an induced electric field E. arise in the
medium .All the considered functions will

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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depend on time 7 and the coordinates x and
y. So the displacement vector « has the
components

u, =u(x,z,t), u, =v(x,z,t), u, =0. (1)

The variation of the magnetic and electric
fields are a perfectly conducting slowly moving
medium and are given by Maxwell's equations:

curlh =J +¢)E, )

curl E =—pyh, (3)
E=—pyG H o)
divh =0. (5)

From the above equations, one can obtain
E=y,H,v,0,—  (6)
h = (ana_H() e)a (7)

J = (_ ha}’ ~ &0ty HOV’Oa hyx +30 Ko Hoib" (8)
The constitutive relations are given by
or
oy =2pe; +0;[Aey —ﬁg] —P(5; +w;) ©

1

1
€ zi(ui,j +uj,i ), W :E(uj’i U ), (10)

The equation of motion has the form

0]1,] +F; :ﬂ", l,j:1,2,3. (11)
Where F, is the Lorentz force and is given
by: F = (J xH ;. (12)

From equations (8) and (11), Lorentz force is
obtained
2

F=(F F, F)=(uHjey -

(13)

2772 2 2 y2-

eggHyt"  gey—egugHyv,0).
Substituting from equations (9) and (13) into
equation (11), the equations of motion can be
written as follows

P P
(y—E)Vzu +(i+,u+,uOH§ +3)e’x
(14)

2,2
gy My H

=BT, = p(l+ N

P P
(,u—E)Vzv +(/”t+u+yOHg +5)e,y
(15)

2 172
& H: -
_ T, = p(i+ 20070,

The equation of heat conduction has the form
KVT +k" VT ) - (16)

r =T kT I~ v

Where, o, are the stress tensor components,

e, are the strain tensor components, @;

rotation tensor, e =¢,, is the cubic dilatation,

1s the

0, is Kronecker's delta, u; is the displace-

ij
ment vector, A, u are the elastic constants, T
is the absolute temperature, T, is the tempera-
ture of medium in its natural state assumed to

be such that|(T —TO)/TO| <1,
&y» M, are the electric and magnetic permea-

bility respectively, J is the current density
vector, E is the induced electric field vector,
h is the induced magnetic field vector, H , is

a constant magnetic field, P is the initial
stress, A, u are Lame's constants,

B=0BA+2u)a,, a, is the coefficient of linear
thermal expansion, p is the density, C is the
specific heat at constant strain, & is the coeffi-

cient of thermal conductivity, k& " is the materi-
al constant characteristic of the theory, and

ox 2 oy 2 a2
When k&~ =0 then equation (16) reduces to

the heat conduction equation in (G-N) theory
(of type 1I),

V2

2 2
V=il+i] and V228—2+a—2.
ox oy ox oy

The components of stress tensor are

ou Ov ou
=M—+—)+2u——- BT —p, 17
Oxx (Gx Gy) ﬂax B p (17)

ou ov ov
=M—+—)+2u——-pBT —p, 18
O, (8x Gy) #Gy BT —p (18)
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ou OoOv
O, —ﬁv(a"‘a)_m_lﬁ (19)
_ w0V pov_ou
ny—/vl(aerax) 2(8x éy)' (20)

The basic governing equations of linear mag-
netic thermoelastic materials under influence of
the initial stress become

Do p. Oe or
- WVu+t(A+pu+=)—-p—
=Vt (@t pt )= f—

(21)
Oe o’u o’u
+ HZ__ 2H28 7= -—,
Ho oax Hy 008t2 p8t2
Oe oT
-2+ u+ By = po—
2 270y oy -
L
Oan 0006t2 atz’
KVT +k*§V2T
o°T e 23)
=pC, T+ BT, 25
Pre 5 ATy ot>
Where, h=-H,e

For the purpose of numerical evaluation, di-
mension variables are introduced.

T
W)= v, T'==,
c T,

*

XX

y oo .o
(x’y)_ l (x’y)’ O-xx = b
¢ u

o =2 o' =Yg
xy > T i’
H Hy (24)
. +2
!'=ot, f=ﬂ’ ay
P
2
a)l*:pCEcl , h’:i,
k H,

p=0Gr+2wae, p'=L,
Y7,

Equations (21) - (23), with the help of non-
dimensional variables (24) may be recast into
the dimensionless form after dropping primes

for convenience as:

e oT 0%u

VU+E ——E,—=FE,——, 25
lax 2 Ox 3 atz ( )
2
vy, g, 8 g OV (26)
oy 0 t?
£V +2, VT —62—T+g oe (27)
1 2 ot atg 3 t2 :
Here,
E _2/1+,u(2+p)+2y0H§
‘ u(2-p) ’
0. 2T, 2 Hy g el +2pe;
©ou@2-p) u-p)
K Ko, Vi
& =501, &=, &=—"—.
¢, pce ¢, pce pce

Where¢,, ¢,, and &;are the coupling constants.
Using the expression relating displacement
components u(x,y,t) and v(x,y,t) to the
scalar potential functions

v, (x,y,t) andy, (x,y,t) in dimensionless
form.

u—al/l’ +%,andv—%—% (28)

- ’

©ox oy oy ox

o=V, and (L_-Yy_v2,. . (29
oy Ox

By substituting from Eq. (29) in Egs. (25)-
(27), this yields

2

0
(1+E1)V2W1_E2T =E; at_zl//p (30)
2 o’
[V™ —E; &—211//2 =0, (31
0 T d%
£1V2T +825V2T :&—2+€38t—2v2¥/1. (32)
Then the components of stress tensor will be
ou Ov ou
=E,(—+—)+2——E,T - p, 33
O-xx 4(ax ay) ax 2 p ( )
ou Ov ov
o, =E(—+—)+2=—=—-ET —p, (34
»y 4(8x ay) 3y 2 P (34)
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ou
—E4(—+—) ET -p, (35)
oy
Ou ov
=20y PV Ky (36)
oy Ox 2 ox oy
Where E4:£,
7
NORMAL MODE ANALYSIS

The applied methodology to the system was the
normal mode analysis to obtain the exact ex-
pressions for the used physical variables. The
solution of the considered physical variables
can be decomposed in terms of the normal
mode as the following form

[u7V7Tal//19l//297Gl‘j ](xaya[) =
[V T w0y )0 ) expli(at +ax)),
Where [u*,v*,T*,wl*,l//z*,G;-](y) are the

amplitudes of the function, @ is the complex

(37)

time constant, i 2\/—_1 and a is the wave
number in x-direction.

Using Eq. (37) into Egs. (30)-(32), yields the
following,

(D’ ~F)y, -ET" =0, (38)
(D’ -F)wy, =0, (39)
F(D* —a®)y +(D? —F)T" =0. (40)
Where,

Fa* -Ey0’
D:i’ F =1+E,, Fzzu,
dy A
E &0°
' & +&0

Eliminating , (y) and T *(y) between Eqgs.
(38) - (40), yields the following fourth order
ordinary differential equations for w, (y) and

T"(v):

[D* —AD* +B1{w, (»),T " (»)} =0. (41)
Equation (41) can be factored as

(D* =k )D* =k )y 0).T ()} =0.  (42)

Where k’(n =1,2) are the roots of the charac-

teristic equation of Eq. (41),

A=F +F,+-FF,
B=FF,-FFa', m’=F,=a’-E,0.

The solution of Egs. (41) and (39) have the
form

2
v, () = ZGnefk”y, (43)
T (y) = ZLM e (44)
y, =Ge ™. (45)
Where G, (n =1,2,3) are some parameters and
2
-F
Lln — kn 2
F,

3

Substituting from Eqgs. (43)-(45) and (37) in
Egs. (28), (33)-(35) respectively, the displace-
ment and stress components take the form

2
u' = iaG.e™ -mGe™ e, (46)
2
V= (Z—k”Gne’k”y -iaG,e™ )e' ™", (47)
—(len e -b,Ge™ e ) —p, (48)
3nn

J; :(ZL G e—k} _I_bG e—my)e(wtﬂax)_p, (49)

2
o, = L,Ge" +b,Ge™ )e ", (50)
n=1

Where,
Ly, = (kf —aZ)E4 +2kf-E2L1n,

L, =L, =(k?—d’)E,—2a’ -E,L,,,
L,, =2al . by =2iam,
b, =(a2+m2)—%(m2—a2).

THE BOUNDARY CONDITIONS

In this section, the boundary conditions at
y =0, needs to be considered, in order to de-

termine the constantsG, (n=1,2,3):
(1) The mechanical boundary conditions

O-yy =_Ple(a)t+illx)’ O-Xy :O’ (51)

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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(2) The thermal boundary condition that the
surface of the half-space is subjected to

T = Pyel@ i), (52)
Where P, is the magnitude of the applied force

on the half-space and P, is the applied constant

temperature to the boundary.
Using the expressions of the variables into the
above boundary conditions (51), (52) produces,

2
Y Ly,G, +bGy =—p), (53)
n=l
2
> L4,G, +b,Gy =0, (54)
n=1
3
ZLlnGn =P, (55)

n=1

Invoking boundary conditions (53)-(55) at the
surface y =0 of the plate, yields a system of
three equations. After applying the inverse of
the matrix method, one can get the values of

the three constants G, (n =1,2,3).

G, Ly, Ly, b, P
{G2 =Ly Ly b, { 0 J (56)
G, P

L, L, 0

Hence, obtaining the expressions for the dis-
placements, the temperature distribution, and
the other physical quantities of the plate sur-
face.

A=217x10" N /m?,

1=3278x10" N /m*®

K =1.7x10*W /m deg,

a, =1.78x10° N /m?,

p=174x10° kg /m°,

C, =1.04x10’J /kgdeg, T,=298K,
B=2.68x10°N /m*deg, « =3.58x10"/s.
The Magnetic field parameters were

H,=10", Uy =4rx107 H/M,
g, =8.85418717x10 " F /M.

The comparisons were carried out for

x=05 =03 w={,+id,, ¢,=-0.7,
& =01 p =-01 1p,=02, a=05
0<y <25.

The comparisons have established for two cas-
es
(1) With and without magnetic field

[(H,=10%,0), p=1 t=03].
(i1) With and without initial stress

[(p=1,0), H,=10°, ¢t=03].

The above numerical technique, was used for
the distribution of the real parts of the dis-
placement components u# and v, the tempera-

ture distribution T, the stress components
o, »0, ando,, with the distance for (G-N)

theory of both types II and III with and without
the magnetic field (H, =0, 10%) during p =1,
and ¢ = 0.3 in figures (1-6).

Figures (7-12) clarify the distribution of the
real parts of the displacement components u
and v , the temperature 7 , the stress compo-
nents with the distance y for (G-N) theory of
both types II and III with and without the initial

stress (p =1, 0) during H, =10°, and # =0.3.
Figures (1-12) are graphically represented
changes in the behavior of the physical quanti-
ties against distance y in 2D.

Fig. 1 depicts that the distribution of the verti-
cal displacement “>in the context of both types
II and III, always begins from positive values

H, =100

for and begins from negative val-

108
ues for H, =10 of type III. It was observed

that the displacement ¥ increases with the in-
crease of the magnetic field for y > 0. The dis-
tributions of ¥ is directly proportional to the
magnetic field.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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G-N II, HO=10%
G-N 1Il, HO=10°
G-N II, HO=0
G-N I, HO=0  H

5 10 15 20 25
y

Fig.(1) Horizontal displacement distribution # in the
absence and presence of the magnetic field.

Fig. 2 depicts the displacement distribution
v,in the context of both types II and III for

H,=10%,0 it was observed that the distribu-
tions of v decrease with the increase of the
magnetic field for y > 0. The distributions of

v are inversely proportional to the magnetic
field.

G-N I, HO=10%
0.05 - * G-N I, HO=108 [|
G-N II, HO=0
0.04 \ G-N I, Ho=0 H
0.03}- 4
> 0.02| \ B
0.01 \. -
<
07/ \’_;;j;j#
0.01 T -
0.02 -
o 5 10 15 20 25

Fig.(2) Vertical displacement distribution V in the ab-
sence and presence of the magnetic field.

Fig. 3 explains that the distribution of tempera-
ture T begins from a positive value (which is
the same point) in case of H, =0,10°, in the
context of both types II and III of (G-N), and
takes the form of a wave until it develops to
Zero.

0.2

G-N I, HO=10%
* G-N Ill, HO=10%
G-N I, HO=0
G-N Ill, HO=0

Fig. (3) Thermodynamic temperature distribution
T in the absence and presence of magnetic field.

Fig. 4 determines the distribution of the stress
component o, in the case of H, =10°, and
H, =0, in the context of both types II and IIL
It was noted that the distribution of o, de-

creases with the
field value for y > 0.

o

increase of the magnetic

-0.2 B

-0.4f B

G-N Il, HO=10%
-0.6 G-N 1, HO=10% H

x G-N II, HO=0

G-N Ill, HO=0

-0.81

Ak — — —

-1.2- -

-1.4

o 5 10 15 20 25
Yy

Fig. (4) Distribution of stress component 0 in the ab-

sence and presence of the magnetic field.

Fig. 5 shows the distribution of the stress com-
ponent o, in the case of H, =10%,0, in the

context of both types II and III. It was observed
that the distribution of o, decreases with the

increase of the magnetic field value for y > 0.

o

-0.2 -

-0.4 G-N I, HO=10%

© G-N I, HO=10%
G-N I, HO=0
G-N 1, Ho=0

0.6

-0.8 -

S — —

12k 4

1.4

o 5 10 15 20 25
v

Fig. (5) Distribution of stress component o, in the ab-

sence and presence of the magnetic field.

Fig. 6 explains the distribution of stress com-
ponento,, which begins from zero in the case

of H,=10°,H,=0, in the context of both

types II and III. It was observed that the mag-
netic field has an effect ono,,, while the dis-

tribution of o increases with the increase of

the magnetic field value for y > 0.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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G-N I, Ho=10%
© G-N I, Ho=10%
''''' G-N II, HO=0
G-N Ill, HO=0

5 10 15 20 25
y

Fig. (6) Distribution of stress component o, in the

absence and presence of magnetic field.

Figs. 7 and 8 show the distribution of dis-
placement components u and v in the case of
p =land p =0, in the context of both types II
and III. It was noted that the distributions of
u and v respectively increase with the increase
of the initial stress for y > 0. The distributions
of u and v are directly proportional to the ini-
tial stress.

G-N II,P=1
G-N I, P=1

GNu P=0 ]
G-N ,P=0

Fig. (7) Distribution of the displacement compo-
nenty with and without initial stress.

G-NI,P=1
- G-N I, P=1

G-N1Il, P=0 |
G-N lIl,P=0

Fig. (8) Distribution of the displacement component
v with and without initial stress.

Figs. 9 explains the distribution of temperature
T which begins from zero in the case of
p=1andp =0, in the context of both types
IT and III. It was noticed that T decreases with
the increase of the initial stress for y > 0.

G-N II,P=1
G-N Il P=1
G-N I, P=0
G-Nm,P=0 |

o 5 10 15 20 25

Fig. (9) Temperature distribution 7" with and without
initial stress.

Figs. 10 and 11 depict the behavior of o, and
o,, in the context of both types II and III
which always begin from positive values
forp =1, 0, and begin from negative for p =1
in type II. It was observed that stress compo-
nents o,, and o, increase with the increase

of the initial stress for y > 0.

0.2

o~ — U —

0.2 -

0.4l ———G-NuP=1 |

0.6 G-NL.P=0 ||

o8 4

e e — S

-1.2

o 5 10 15 20 25
y

Fig. (10) Distribution of the stress component

O, With and without initial stress.
0.2
or e Ot U UU—
-0.2 -
-0.4~ ————G-N I,P=1
= - G-N I, P=1
=] G-N I, P=0
0.6 G-N II,P=0
0.8 -
Lk S — B
-1.2
o 5 10 15 20 25

y

Fig. (11) Distribution of the stress component
o, with and without initial stress.
Figs. 12 demonstrates that the distribution of
the stress component o, , in the context of
both types II and III begins from zero and satis-
fies the boundary conditions at p =1, and
p = 0. In the context of both types II and III. It

was noted that the stress component of o,
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increases with the increase of the initial stress
values for y > 0.

0.02

0.01
o
-0.01
-0.02
= -0.03

-0.04

-0.05

G-N II,P=1
- G-N I, P=1
-0.07 |- ——— G-N I, P=0

G-N II,P=0

-0.06 -

-0.08

o 5 10 15 20 25
y

Fig. (12) Distribution of the stress component o, with

and without initial stress.

3D curves are representing y = 0the complete
relation between the physical variables and
both of the components of the distance as
shown in Figures (13-18) in the presence of the
magnetic field /, =10° and the initial stress
proprieties p =1, at £ =0.3 in the context of
(G-N) theory of type III. These figures are very
important in studying the dependence of these
physical quantities on the vertical component
of the distance. The obtained curves are highly
dependent on the vertical distance from the
origin, and all the physical quantities are mov-
ing in the wave propagation.

u
B
oc® A N O N M O

Fig. 13 (3D) Horizontal component of displacement u
against both components of distance based on G-N type

Mlat H, =10* and P =1.

10—

-10
10

)

Fig. 14 (3D) Vertical component of displacement v
against both components of distance based on G-N type

Mat H,=10"and P =1.

Fig. 15 (3D) Thermodynamic temperature distribution
T against both components of distance based on G-N

type I at H =10° and P =1.

Fig. 16 (3D) Distribution of the stress component
o, against both components of distance based on G-N

type [ll at H =10* and P =1.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (4): 316-328, 2020

Fig. 17 (3D) Distribution of the stress component
Oy against both components of distance based on G-N

type Il at /1, =10* and P =1.

CONCLUDING REMARKS

By comparing the figures obtained under the
(G-N) theory in the context of both types II and
III, important phenomena are observed: the
values of all physical quantities converge to
zero with increasing distance y, all functions

are continuous, and all physical quantities satis-
fy the boundary conditions. Also, analysis of
the components of displacement, stresses, the
temperature distribution due to the initial stress,
and the magnetic field for thermoelastic solid
with magnetic field under the initial stress is an
interesting problem of mechanics. Normal
mode analysis technique has been used, which
applies to a wide range of problems in ther-
moelasticity. The value of all physical quanti-
ties converges to zero, with an increase in dis-
tance and all functions are continuous y. It was
observed that the magnetic field and initial
stress have a significant role in all considered
physical quantities, as the amplitudes of these
quantities vary (increasing or decreasing) with
the increase of the initial stress and magnetic
field.
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Abstract: This study was designed to detect heavy metals (Zn, Cd, Pb, and Cu) in several
springs and groundwater wells in the northeastern region of Libya. Samples were collected from
different regions in both seasons (dry and wet). An atomic absorption spectrophotometry
equipped with Slotted Tube Atomic Trap (STAT) was used. The limit of detection (LOD) was
in the range of 0.008 to 0.03 pug mL™, and the limit of quantification (LOQ) was in the range of
0.02 to 0.09 ug mL™". % RSD (relative standard deviations) ranged between 0.0001 to 0.329%.
Results showed the presence of heavy metal residues in the regions in two seasons (dry-wet)
during the study in some springs and groundwater wells. The zinc (Zn), cadmium (Cd), and
Copper (Cu) values were below permitted limits, according to the World Health Organization
(WHO), Libyan National Center for Standardization (LNCSM), and Food and Agriculture Or-
ganization (FAO). Lead (Pb) in the dry season was much higher than the wet season in accord-
ance with WHO and LNCSM. The other values were below permissable limits according to
WHO, LNCSM, and FAO. This study’s results show the presence of dangerous levels of lead
during the dry season in the groundwater wells on SahlAlmarj I, Alabyar III. Overall, the inves-
tigation of chemical and agricultural fertilizers is an effective method of monitoring the quality
of drinking water. Such investigations are needed to identify possible sources of contamination
of storage tanks and pipelines to ensure the delivery of safe drinking water to end-users.
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Abstract: Compared to other coasts, Libyan coasts are characterized by low levels of pollu-
tion. This makes them a suitable environment for marine diversity, especially seaweeds,
which may be considered a source of new compounds that are biologically active in their re-
sistance to microbes. Therefore, the present study was conducted with the aim of testing the
bioactivity of leave and rhizome extracts of Posidonia oceanica seaweed (aqueous, ethanol,
and acetone) at concentrations (50, 100, and 150) mg/ml against three types of pathogenic
bacteria (Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa), and fungus
(Candida spp.), by a sensitivity test in the form of a disk diffusion method. The results
showed that Posidonia oceanica seaweed extracts have good inhibitory activity against
S.aureus and Candida spp., and that the concentration of 150 mg/ml is the most effective for
all extracts. The results also indicated that rhizome extracts are more efficient than leaf ex-
tracts, and the acetone extract is the best in inhibiting the tested microbes. Also, Escherichia
coli and Pseudomonas aeruginosa are the most resistant to all extracts, regardless of type and
concentration used.
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Abstract: This study was conducted during the season 2019-2020 with the aim of testing the effi-
ciency of some techniques to eliminate or reduce the frequency of storage fungi, namely Aspergil-
lus flavus, A. niger, and Penicillium italicum naturally contaminating peanuts seeds. The seed sam-
ple was treated by soaking in hot water (50°c, 60°c, 70°c), soaking in salt water at concentrations
10%, 15%, 20%, roasting in an ordinary oven at 150°c for 10, 20 and 30 min, and roasting in a mi-
crowave oven at 100°c for 1, 3, 5 and 7 min. The frequency of fungi occurrence percentage was es-
timated in seeds after treatments and incubation on the nutrient medium Potato Sucrose Agar
(PSA). The results indicated the efficiency of all the techniques used in reducing the frequency of
fungi in the treated seeds, as the fungus P. italicum was the most sensitive fungus under all tech-
niques, and the study proved the superiority of the treatment by microwave roasting over the rest of
the techniques, as it eliminated all the fungi carried in the seed by 100% when the duration of time
used is 5 minutes.

Keywords: Hot Water, Salt Water, Dry Heat, Microwave, Seed Borne Fungi, Peanut.
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